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HYDROCARBON CONVERSI ON PROCESS This application clains
the benefit of the filing of U.S. Provisional Patent Applications
No. 60/ 027, 8QR odidehesd August 15, 1996 and 60/ 034, 612 r%ﬁbéﬁ?“%\%

t he hydrocarbon 5 conver si on process. Field of th |

This invention relates to a process for upgrading hydr ocar bon

f eedst ocks for subsequent use in steamcracking. In particular, this
i nvention describes a process for upgrading 10 hydr ocarbon feedstocks
for use in steam cracking by the application of successive
hydrotreating and hydrogenati on of the unsaturated and/or aromatic
speci es found therein, and the resultant yield increase of hydrogen,
Cl- C4 hydrocarbons and stean1cracked napht ha, and the concom t ant
decrease in the yield 15 HYPRQGARRBO gﬁ%“ st eam cr acked

tar, upon steam cracki ng of the hydrotreat ed and hydr ogenat ed

hydr ocar bon f the.lny i on .
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at €l evat ed PaPl BEOCES&8-  The steam cracking process in general has

been wel I o@ﬁslﬂ.haﬂ_thgmm publication ent itled "Mnuf act uring
Et hyl ene"” by S. B. Gfraﬁ Jour nal prints 1966

- 1970. |caP i oty d%eegsto 1atg ¥ ﬁﬁfsstfeoéfn ppgrpding
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sever al Cr'ﬁﬁéhMQEEHd'%/éf) aromatic species found therein, and the

resultant yield increase of hydrogen, C,~C; hydrocarbons and
steam cracked naphtha, and the concomitant decrease in the yield

15 of steam cracked gas o0il and steam cracked tar, upon stean
cracking of the hydrotreated and hydrogenated hydrocarbon
feedstocks.

Background of the Invention
Steam cracking is a process widely known in the
20 petrochemical art. The primary intent of the process is the
production of C;-C; hydrocarbons, particularly ethylene,
Propylene, and butadiene, by thermal cracking of hydrocarbon
feedstocks in the presence of steam at elevated temperatures.
The steam cracking process in general has been well described in
25 the publication entitled "Manufacturing Ethylene" by S. B.
Zdonik et. al, 0il and Gas Journal Reprints 1966 - 1970.
Typical liquid feedstocks for conventional steam crackers are
straight run (virgin) and hydrotreated straight run (virgin)
feedstocks ranging from 1light naphthas to vacuum gas oils.
30 Gaseous feedstocks such as ethane, propane and butane are also
commonly processed in the steam cracker.
The selection of a feedstock for processing in the
steam cracker is a function of several criteria including: (i)
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availability of the feedstock, (ii) cost of the feedstock and (i)
the yield slate derived by steam cracki ng of that f eedst ock.
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What is more, the yield of the least desirable
products of steam cracking, steam cracked gas o0il and steam
25 cracked tar, are generally even higher when low quality hydrogen
deficient cracked feedstocks such as thermally cracked naphtha,
thermally cracked gas o0il, catalytically cracked naphtha,
catalytically cracked gas oil, coker naphthas and coker gas oil
are processed. The significantly increased yield of low value
30 steam cracked gaé oil and steam cracked tar products relative to
production of high value C,~C, hydrocarbon products obtained when
processing the low quality hydrogen deficient cracked feedstocks
is such that these feedstocks are rarely processed in steam

crackers.




5 hydrodenitrification and partial hydrogenation have been applied to
upgr.adi ng feedstocks for steam cracking as descri bed by Zi mrermann in
u. S Patent No. 4,619, 757. This two stage approach enployed base
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t hermal cracking at condltlons selected to convert reater proportion

of said |iquf@epsieskent ®Y Lixsker prestreading dtdear istock %nﬁﬁfrﬁft
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yield a high cetane number fuel oil product.
It has been found that the present invention which
25 comprises successive hydrotreating and hydrogenation steps
followed by a steam cracking step results in significant yield
improvements for hydrogen, C,-C, hydrocarbons and steam cracked
naphtha when applied to straight run (virgin) feedstocks; and
results in high yields of hydrogen, C,=C, hydrocarbons and steam
30 cracked naphtha and reduced yields of steam cracked gas oil and
steam cracked tar when applied to 1low quality, hydrogen
deficient, cracked feedstocks such as thermally cracked naphtha,
thermally cracked kerosene, thermally cracked gas o0il,
catalytically cracked naphtha, catalytically cracked kerosene,
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cetane nunber fuel oil product. It has been found that the
present invention 15 which conprises successive hydrotreating and.
hydr ogenati on steps followed by a steam cracking step results
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fraction, #rét eapafatid@®@dinto a fraction comprising hydrogen and C,~C,

hydrocarbons, a steam cracked naphtha fraction, a steam crackead
gas oil fraction and a steam cracked tar fraction. The process
20 of the present invention results in improved yields of the high
value steam cracked products, i.e., ¢€,~C, hydrocarbons,
particularly ethylene, propylene, and butadiene, and 'steam
cracked naphtha, particularly isoprene, cis-pentadiene, trans-
pentadiene, cyclopentadiene, methylcyclopentadiene, and benzene,

25 and reduced yields of steam cracked gas oil and steam cracked
tar.
Summary o e _JInv on

This invention provides an integrated process for
converting a hydrocarbon feedstock having components beoiling
30 above 100°C into steam cracked products comprising hydrogen, C;-
C., hydrocarbons, steam cracked naphtha (boiling from C; to
220°C), steam cracked gas cil (boiling from 220°C to 275°C) and
steam cracked tar (boiling above 275°C).



gas oil fraction and a steam cracked tar fraction. The process 20 of
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30 steam cracked naphtha fraction are each increased by at least
about 15 percent, relative to when either untreated or
hydrotreated feedstock is subjected. to said steam cracking and

product separation, the yield of steam cracked gas oil is

reduced by at least about 30 percent, relative to when either



yield of isoprene and cis-pentadi ene and trans-pentadi ene and

cycl opent adi ene and net hyl cycl opent adi ene and benzene in the 30 . Steam
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25 with an intervening product separation zone.

Description of the Preferred Embodiments

As used in this specification, the term %"C,~C,
hydrocarbons" refers to methane, ethane, ethylene, acetylene,
propane, propylene, propadiene, nethylacetylene, butane,

30 iscbutane, isobutylene, butene-1, cis-butene-2, trans-butene-2,
butadiene, and C,~acetylenes. As used in this specification, the
term "steam cracked naphtha" refers -to products boiling between
C; and 220°C, including isoprene, cis-pentadiene, trans-
pentadiene, cyclopentadiene, methylcyclopentadiene, and benzene.
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PCT/.US97/, 14416 The hydrocarbon feedstock in the process

of the present invention typically conprises a hydrocarbon fraction
having a maj or g%é)ﬁg? tion, i.e., greater than about 95 percentpcT/us97/14418f
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barts por i GHgkes CclBILS BEY,  pynrufiip) OBl S1EES g okSH: 2P Tl
mllildn, ancﬂmhlz the fepdstogkn widk| bavel an amtnenqupd:mslm range,
mllion, prefergbl yup to 65@'@‘%@%‘&h&,p%$1§lﬂh§f ¥e 'edf %ré‘nﬂ%ﬂﬁ;éd ranges

prefer abI y be oW abou source o0
will typical IWigR certalnhf&t%"@é’t?—%t aul‘m EENasa Ly @%ff%@chn “have
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e i ng. cat al ot Ehe FhRy RS RSl o By S 48 E BB oo

VI11 APeri odiandabae birdriogeli ermmuse netxe cnnmatesi w:.th atppdeastt oone

an amor phous &f&fééfeéﬂiﬂggs Ght i?ét Sidd Caefﬁ?ct s@bd¥atbiadily Cacomplete
zirconia or titanl a Exanpl es o such net al

7 decomposition of organic sulfur and/or nitrogen compounds in the

feedstock, i.e., organic sulfur levels below about 100 parts per

million, preferably below about 50 parts per million, and more

25 preferably below about 25 parts per million, and organic

nitrogen levels below about 15 parts per million, preferably

below about 5 parts per million, and more preferably below about

3 parts per million. The source of hydrogen will typically be

hydrogen~-containing mixtures of gases which normally contain

30 about 70 wvolume percent to about 100 volume percent hydrogen.

The catalyst will typically be one or more conventional

hydrotreating catalysts having one or more Group VIB and/or

Group VIII (Periodic Table of the Elements) metal compounds

supported on an amorphous carrier such as alumina, silica-

35 alumina, silica, zirconia or titania. Examples of such metals
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conprise nickel, <cobalt, nolybdenum and tungsten. The

hydrotreati ng catal yst is preferably an oxide and/ or sulfide of a
Goup VIII nmetal, preferably cobalt or nickel, mxed with an oxi de
and/ or awolst.iodmof a Goup VIB netal, preferably 5 WB§9

t ungst en, &ported Qn alum na or silica-al um na. The cat al ysts are
pr ef er abISPBRF X8R f | BRgkedy m cobalt, molybdenun n and ctBPEEEEBNbOdI TEbe

t he hydr dydrdtreatihng catalystcﬂﬁtﬁélﬁeﬁbiseaﬁi oxide \eHdl s EUTBide of

ctacked hFoul TFEEEEAL, orsrerBhiy, BERRIE of FIORET ixeq Hfth &n
hydr ot r e¥islp candfoxr a sulfide) ofl |8 WPS&IEJn@Q#&hDr@I&MMﬁ

amd/ or GuiybBddhum or tund®téh, CRIBIALRE B RAINIthD b BN ALOHS HRL [ | ©F
ZlLrconia or titani a.

such as n stlica-alumn

Exanpl es The °atancX5§%cﬂr?reP§P§e‘t'BW g@ ﬁviﬁg& .88 nol ybdenum and
tug?st en. .5 The fa rprelﬁym‘rear mmmm ythel Shmbt‘galh{:y,ngn %ltdle
and/ or 0 r cqbal,t iC
mxed wi GOURRE Rt faRbr" 59! RhaxokrpdELiy, cREB1REEE o' W Tdacked' 5o
pr ef er ablar nolayeradm mmm suppﬂhead @n dtatkador bed “catalyst

Sig | ca- al ¢l FqurdBfor €@ dubi g4 2kasattw %i?cé'ty Sﬁy&ﬁ&fé&ﬂngl%atal st
conprises one Or nore Grqup VIB and/or G ou o% nts

suppor t edFXRICAL IR GPUR% W It “qﬂeong{?‘éﬁpVIB and/ex EGrl%ll’ymeIm
t ungst en mwetth N dolpsurider eippdrted cbar rff. amorphoustr e&r@i@&p guth, as

Goup i BiLege Lﬁ)ﬂ,ﬁ-# “flmafehs aififa, sizeonfd SRR Hitliee?) |
pref er r ecpf earichlimehal s admprise nickieldr cobaiati ngatphqhnemtam tuegstennd
hygr ot reafﬁé'gffféel M ggbireating cQ'tSIflﬁEtaﬁgl P}rre%%%lbtl @}‘p'd}&héﬂ‘ dfa/or

tungsten and/ or nol num ni c tun

ni ckel / noFYbkAA® mofei ;Mg CFeMP A%y | petal, preferpbdye£o W?hﬁes’b’é‘é’Feio
t he secorw;iydrwtaﬁgma&l y&id/o¥ a sultﬂiaeG@ﬂpaVIcB:@md Greupmétal,

t al di h f I
11 ca 2 EFEEERR}T S ARG Or cunogefll ! Sipngiid “Bn, S3uBIAT. St o\
as zeoli t%ll/icgaalummnapl y,The second thyabmtbi‘ea’mmjl cetalyséoltypitislly or
t d h
otgier deabyihPPked one orZGiiidCc }uﬁw&gr ®and) ok NScPOLBUSVELE! ARGt

| norgani c rriers an eculaf Si eves tan :
Typi cal | ycomponents supported on an acidic porous gupport. From Growp:p

the firsviBanfolybaensth, itHiditantand nietalyst herdoft re preferred.
From Group VIII, cobalt, nickel and mnixtures thereof are
preferred. Preferably, both Group VIB and Group VIII metals are

5 present. In a particularly preferred embodiment, ¢the
hydrotreating component of the second hydrotreating catalyst is
nickel and/or cobalt combined with tungsten and/or molybdenum

with nickel/tungsten or nickel/molybdenum being particularly
preferred. With respect to the second hydrotreating catalyst,

0 the Group VIB and Group VIII metals are supported on an acidic
carrier, such as, for example, silica-alumina, or a large pore
molecular sieve, i.e. zeolites such-as zeolite Y, part:.cularly,
ultrastable 2zeolite Y (zeolite USY), or other dealuminated
Zeolite Y. Mixtures of the porous amorphous inorganic oxide

5 carriers and the molecular sieves can also be used. Typically,
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stacked bed arrangenent are sulfided prior to use. The

hydrotreating zone is typiically operated at tenperatures in
the range of from about 200[err]C to about 550[err]C, preferably from
about 250[err]C to about 500[err]C, and nore preferably pCt/8914af0Ut
275[err] C 98{pRTN 425[err] C The pressure in the

hydrotreati rﬂoéﬂn&ésfﬁféér Y, Bt

to about 1‘;‘35|{c.l &8 ﬁézs?é%%é@?# ut Zj(')ngd"ca;H qg.bferleersgﬁ%]&d
f r om about apge af%(‘fé‘lﬁsii use. bar to about 102
bar). Liquid hourl y sm‘hee ydroitireatIng LHSH)a is typli.baﬂ.)lgl caplerated n at

the range of t out 1 )

to. apout c-ebBFEARRERs"th the Tahbe'fr rrom SR AL (8 hOBHE bughe,
cat alSyst, ammﬁaregbn fyon abou&l R504C &9 abbuth §0PAC, handangreopriefenably
about 500 t fmutaﬁéut 197600 standahdugubigskest of pRudr pgeRsRee DAy elgne

of feed éECEF Bi (fromagbout 0.089 to, about 2.0 standard cubic
met ers hydyo ngnEone A generakly A the Fange P 1£50n AbONt, 400
5, 000 lsﬁﬁgBEHo z(lfamm ahooo Opsdig} oprefieira®l§O fifoen rabbht W psig to

P LnctkeRts3opd Mg O%é%d BREa, Rk vt IEs, vl

sunsktnt i al IYypieaplyt ebedésul thei zange ofndframniabout cf.lonto about. ao,
organi c sul fyfeféfxsh?sbekew aBBsat! 00, Bal &3 PEbolt! ! sonvo}era pB%feﬁ%'&id

bel ow about er mllion, and nore

about 25 pRYggoc EP‘mrTPPFl BAUr BeR Velymeiqf ’Eata]ﬁﬁtifoo@é’ﬁl F’é&i’a@%ltﬂv‘ﬁl
about 15 parkatpes willll e meéﬁéabhnge of fhmO\WhBUHIt5d0 PGt abBAt 10,000

|1 f bl t t
Lo ECRAECR) B 2o de! §¥ pvaepoBh Ber B RSF Bl Wepmpn
two ¥ nore pyeferabdyi ngremneabouﬁorleaamrplm iabalx 50109 CeniSCF/BBEL, wmost
hydrotreati - &E&Panig o 26t 0408 to %bzéae I schIBBL. D lrhese

bel ow in ones rdating z
second hydr cEPR@itAENSonAT e, gdagay.ed "to achibve SPHSt\?‘ﬁ&laflﬂ-Vst °°mplete

hydrotreati n@esﬁmﬁﬁrlzhhﬁ.onhﬁﬁﬁo&éﬁﬂﬁﬁif1cat16ﬁ?dﬁl@ ck cxamxica slm(ﬁﬁgi%vels

source o PSRk a0 riest 'S iy G OhERERERRAY SUNGH pnalE, so
gase whi ch parhal percmifidion, and more pzeferablyvbelow pbouenESt parttesuper
tlggl C‘éf’: ;”Fn:gfiggagﬁgk%o%&em?g ﬁiéﬁéﬁgﬂyiég%ﬁa‘b' %wc%t@l ty *:gf:ts per
conpounds or®ijhigher praferably be ow about 5 parts per million, and more
preferably below about 3 parts per million.

Alternatively, the hydrotreating step may be carried
25 out utilizing two or more hydrotreating zones. For example, in
one embodiment, the hydrotreating step can be carried out in the
manner described below in which two zones, a first hydrotreating

zone and a second hydrotreating zone, are used.
In the first hydrotreating zone, the hydrocarbon
30 feedstock and a hydrogen source are contacted with a first
hydrotreating catalyst. The source of hydrogen will typically
be hydrogen-containing mixtures of -gases which normally contain
about 70 volume percent to about 100 volume percent hydrogen.
The first hydrotreating catalyst will typically include one or
35 more Group VIB and/or Group VIII metal compounds on an amorphous
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carrrier such as alumna, silica-alumna, silica, zirconia or

titania. Exanples of such netals conprise nickel, cobalt, , .
nol yhdenum and tungsten. The first hydrotreating catalyst 1is

preferably an oxide and/or sulfide of a Goup VIII netal 5
preferablwoesebmst or nickel, nixed with an oxide andPET/USEI/14416
sulfide of a Goup VIB netal, preferably nolybdenum or

t ungst en, carypedr tsukch oas Almiine, osildchreduainai n@ilicehe zirconia or
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bar) . ui d hour |y, space veI ocities wll typic
t he rangeP pferahlydm sRif Q@M'Z preferably from about 0.5

to albout vol unea‘he)ffilnsnlwdrotre&wg)mrispgleﬂmmh llyeropéﬁaﬂ&f @t
t, t

SE00 Y 500 tRADLRAILANE 40 ¢80 paRll, ot Uidut'(2d0e¢ Fo] BUIRLD sSd AL

barrrel oprefesxably frqus@bavsl R25Q%C din Awwt G003, @r&)me pr@fgmm;ar d

cubi c et gkgm aboutpﬁ'?5|°bt @h’o £ﬁ$€€r]4/2|5)°)c7 pr@ﬂérﬁbﬁésﬁﬁ@nﬁﬁ)oﬁh 11‘99%30

about 5, 000 ésrom about _0. t o about mMerr]/ ) nost
pr ef er abl Wdfetreartrm aﬁﬂﬁﬁ 0@%"‘9?613\160&&" §hGOBanS€FPI§BI§r°P'f b &RO
0.35 to psig wouontSS:mi@ari:éhb, Bl t £006 &lb&u&djlum efisiig to

d | f
G5B 1 it Benk, 1,566 bES,; (3 | ?\ﬁé?ﬁ%%%é b1SPis1BRT qrusv) win
hydr ot r eatiypdcadiday t be in thedrenmgecofr ginor akddulr [Deel too dkdwty ahout
500 partsphefrerdbly Meddd N aiitl /GUB Y 8] QbcOUL 2QfhiRaldsS R rmi £,

and t he organic n|tro en eV(ta% to bel ow about 50 parts per | jon,
pr ef er abl W@aqmrétﬁamp%hem S’eﬁ'e?'°ﬁ+‘|“!ei gf. catalyst, and hydraggn p*f%(fu&

from theratiiiosd wiIll obéedhi the Z@AMRyeTRYE from abeut 50pt tonabont i, 000
A v A e B vl ol gt b o

hydr ocar b@refigrahiy akpouti r 41,000 to about 5, 000 SCF/BBL, most

10 preferably from about 2,000 to about 3,000 SCF/BBL. These

conditions are adjusted to achieve the desired degree of

~ desulfurization and denitrification. Typically, it is desirable

25 in the first hydrotreating zone to reduce the organic sulfur
level to below about 500 parts per million, preferably below
about 200 parts per million, and the organic nitrogen level to
below about 50 parts per million, preferably below about 25
parts per million.

30 The product from the first hydrotreating zone may
then, optionally, be passed to a means whereby ammonia and
hydrogen sulfide are removed from .the hydrocarbon product by
conventional means. The hydrocarbon product from the first
hydrotreating zone is then sent to a second hydrotreating zone.

35 Optionally, the hydrocarbon product may also be passed to a
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hydrotreating zone is then sent to a second hydrotreating zone.

Opt,i onal Iy, the hydrocarbon product nmay al so be passed to a

fractionating zone prior to being sent to the second

hydrotreati Rgo%0p80kf renoval of |ight hydrocarbon fractions PET/USI7/14a.
desi red. In the second hydrotreating zone, the product
from 5 fhactioshathiydr otzemé | ngriere argl abéyAgogeendourte, the Catdd

DI o9e, 6sofS AN 33 e ok, AGRARISAn eraquigdd 1
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about 3, 000 | 7 3 0 QQrQ% : f f
about 400 psﬁgffﬂgig?gﬁse%, %8’3%5 Sé(gg%gu?‘ 27 E')aatg.grg tr g a}l?{)t%ﬁ?aﬁé if{]%ﬂde
hydrden ci r2uFSPpPSTatire in Jdifekange jof from ahop,g@05FL FPoﬁ‘?b&Rﬁjtsféb‘IFo
t g abogt oég’ pﬂafeshmgrafdomubbegi:ez!soﬂﬁ to méqxbtarsmi"c,( Sed lBBiz)e_ pridfiedfably,
about O. a o JSubic IS I ter
(nerr]/1)), fIfb'érg‘é"f grgégltyalg?’o%t g@o%ﬁ"%ﬁ“od&”t 5r a 1%%‘,3808%5&# §§?"(‘*’r gpocity
about 0.17 t 6LHEYIt oF Gbortero}ll Fo abdukordd volumgs edfr Abpifr hydatomarbon
2,000 to 3,0 ( byt pgg%% ] '
These_ condi t?gﬁgﬁg g?gb gﬁj 1ttﬂétg{e%at gfa%%f‘%g’és% pré;sﬁ%sta i%?lﬁ%éc%err‘ﬁ e%ﬁeau'c 0.5
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zone or zone e, ap.Qrganic S ur evel. hel ow ou r{.s
per i1l onabORFcrepall BEIST The niiredon Gl BTG rake | in denaRATEY dn
preferably bthewrabge aifofiroRs abauts S0 toi about, 18;008n shagwiard wubiay feet
| evel bel ow per dlelh-QR 3 0T a | QWaaRD
parts_per per rr’i> |%%1 ;ﬁ’%ér%)p'r epgfg%ﬁggﬁo%%oﬁ%ﬁagfgoge;)ea 3,000
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conditions Thesel goHditdanddaie hdgustiedocObchivee8dbstantanl 1§/ ddifplete

level of desulfurization and denitrification. Typically, it is desirable
that the hydrotreated product obtained from the hydrotreating

zone or zones have an organic .sulfur level below about 100 parts

25 per million, preferably below about 50 parts per million, and
more preferably below about 25 parts per million, and an organic
nitrogen level below about 15 parts per million, preferably

below about 5 parts per million and more preferably below about

3 parts per million. It is understood that the severity of the

30 operating conditions is decreased as the volume of the feedstock
and/or the 1level of nitrogen and sulfur contaminants to the

second hydrotreating zone is decreased. For example, if product

gases, including H,S and NH, (ammonia), and, optionally, light

hydrocarbon fractions are removed after the first hydrotreating
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nitrogen and sul fur contamnants to the second hydrotreating
zone is decreased. For exanple, if product gases, including HS

and NH3 (anmonia), and, optionally, |ight hydrocar bon

fractions are renoved after the first hydrotreating
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zone, then the temperature in the second hydrotreating zone will
be lower, or alternatively, the LHSV in the second hydrotreating
zone will be higher.

The catalysts typically utilized in the second
hydrotreating zone comprise an active metals component supported
on an acidic porous support. The active metal component, “the
hydrotreating component®, of the second hydrotreating catalyst
is selected from a Group VIB and/or a Group VIII metal
component. From Group VIB, molybdenum, tungsten and mixtures
thereof are preferred. From Group VIII, cobalt, nickel and
mixtures thereof are preferred. Preferably, both Group VIB and
Group VIII metals are present. In a particularly preferred
embodiment, the hydrotreating component is nickel and/or cobalt
combined with tungsten and/or molybdenum with nickel/tungsten or
nickel/molybdenum being particularly preferred. The components
are typically present in the sulfide form.

The Group VIB and Group VIII metals are supported on
an acidic carrier. Two main classes of carriers known in the
art are typically utilized: (a) silica-alumina, and (b) the
large pore molecular sieves, i.e. zeolites such as Zeolite Y,
Mordenite, Zeolite Beta and the like. Mixtures of the porous
amorphous inorganic oxide carriers and the molecular sieves are
also used. The term "silica~alumina” refers to non-zeolitic
aluminosilicates.

The wmost preferred support comprises a zeolite Y,
preferably a dealuminated zeolite Y such as an ultrastable
zeolite Y (zeolite USY). The ultrastable zeolites used herein
are well known to those skilled in the art. They are also
exemplified in U.S. Patent Nos. 3,293,192 and 3,449,070, the
teachings of which are incorporated herein by reference. They
are generally prepared from sodium zeolite Y by dealumination.

The zeolite is composited-with a binder selected from
alumina, silica, silica=-alumina and  mixtures thereof.
Preferably the binder is alumina, preferably a gamma alumina

12
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PCT/,US97/ 14416 zone, then the tenperature in the second

hydrotreati ng zone w || be lower, or alternatively, the LHSV in the
second hydr oty 38/b6¥94 zone will be higher. PCT/US9%14416
catal ysts typically utilized in the second 5 hydrotreati ng zone
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and Goup VIII netals apReSppPBALERIfeBm the findl AFHtoEreAting zoh¥ (1 ‘then
clasges of carriers kpown in the art are typically utill zed: (a

sili ig al uni MECEHTAFHIY RASRRd to | a; Means cWhsrEdY) AnBpRias and chydrogen
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nol ecul ar sieves ar
final hydrotreating zone is then sent to an aromatics saturation

zZone. Prior to being sent to the aromatics saturation zone,

15 however, the liguid hydrocarbon product may be passed to a

fractionating 2zone for removal of product gases, and 1light
hydrocarbon fractions.

In the aromatics saturation zone, the product from the

final hydrotreating 2zone and a hydrogen source, typically

20 hydrogen, about 70 volume percent to about 100 volume percent,

in admixture with other gases, are contacted with at least one

aromatics saturation catalyst. The operating conditions of the

aromatics saturation 2zone generally include a temperature

between about 200°C and about 370°C, preferably between about

25 250°C and about 350°C, and most preferably between about 275°C

and about 350°C, and a pressure in the range of from about 400

psig to about 3,000 psig, preferably in the range of from about

400 psig to about 1,500 psig, more preferably in the range of

from about 400 psig to about 1,000 psig and most preferably in

30 the range of from about 400 psig to about 600 psigqg. Space

velocities between about 0.1 and about 10 volumes of 1liquid

hydrocarbon per hour per volume of catalyst can be applied,

preferably between 0.5 and 5 and most preferably between 1 and

3. Hydrogen/feedstock ratios between about 2,000 and about

as 15,000 SCF/BBL, preferably between about 3,000 and about 10,000
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al so used. The term"silica-alum na" refers to non-zeolitic

alum nosilicates. 25 The nost preferred support conprises a,
zeolite Y, preferably a deal um nated zeolite Y such as an

ultrastabl e zeolite Y (zeolite USY). The ultrast ab'&@%ﬁﬁﬁ% used
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wher eby ammoqﬁaaﬁym@sﬁmponentﬁu pilkh ga'ﬁétﬁé‘ntﬁi‘&il 9% meverqépa by
oot - mfAsduehaton heiogopetLo I FpRaerrany Sk bR shine
P omati cs. OF ' ESuperaurs ang, prdsaurs S5t Ghe AR ISR FALREAERGn zone,
aromati cs more s&hanatigBk zood, hheevhydrbbenhtqbné lycdipoyesrioosn  peaducbe
mié’l% ght h égs aTtQ w&EﬂS{:’toaﬁhh@ggzgﬂﬁségﬁtiffn¥#uﬂ:aﬂﬁgﬂ§c&o&@%ﬁiar

saturation W%Sﬁbt m@ustéenc@uqa ren hydrogenpl s i ot garbane ot caybasmeingdes

hydrogen sopéf@s. taahéahuy, aromaﬁd&egeatura@wﬁ za ﬁ?éfé?aﬁi&cﬁ&fb%med
about 100 v dm xture wth ot her %ases

cont act ed V\?{"h ﬁlﬂ%e‘a‘ﬁm%n%°w temngr&!rgﬁe(’ss whach oF f¥ATC %ygydrogﬁgation
oper ating ceqdilibeduef (thile sdmaltanesusiypturminimizdng gunéleshk:pble

pr gg?:bl y JB&?%QEQ%'E%EF gB§ regg{.)}égrr]%) éj%lg’g [cﬁéd]é‘%[ err %8:[80?{ %9&

preferably seissdanabout 275[err] C and about 350[err]C and a
pressure in the rangeaglonat3BsAbealtutd@ion caﬁﬁl?sEQ aaal.itta&:&OO £d¥5i #his

(from about,27 bar, to about_ 204 ba referably in t ge,of _from
about 400 pihY¥epkign, have shgen ded qriked (Pgoﬁﬁé‘gﬁﬁt‘m}‘fl b%\ i‘J’E‘ 0%
bar), nore patéatalNo. 14,960,505, and Winguist et. al. in U. s. Patent No.
25 5,391,291, the teachings of which are incorporated herein by
reference.

The aromatics saturation catalysts typically used in
the aromatics saturation (hydrogenation) zone of the present
process comprise one or more Group VIII noble metal

30 hydrogenation components supported on an amorphous support such
as alumina, silica-alumina, silica, titania or =zirconia, or
mixtures thereof, or a crystalline support such as
aluminosilicates, aluminophosphates, silicoaluminophosphates or

borosilicates. Large pore zeolites such as Zeolite Y,
35 Mordenite, Zeolite Beta, and the like are combinations thereof
14
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30 the range of from about 400 psig to about 1,000 psig (from
about 27 bar to about 68 bar) and nost preferably in the range of
from about 400 psig to about 600 psig (from about 27 bar to about 41

bar) .
liquid

and 3.

Space vel ocities between about 0.1 and about e mosdRss Of
y dr S0P

??per hour per volume of 35 catalyst can be

appl i ed, pref&r@bye@fm B 1urAHL S Ph (B! cataﬂggfcér aphycRet

Hydr ogen/

edst ock ratlos et ween 000 an out

15, 000 SCF/ BBYstabbine <FUpPeRt R geperaldy | formed, érwabmp b@msacrhous
about 3,000 aﬁdxd%&.OUtsﬁGhOOQs alumina, silica, or silica-alumina, with

S
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15
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25

30

preference being given to the use of alumina. In particular,
the aromatics saturation catalysts are preferably based on or
supported on certain modified Y-type zeolites having a unit cell
size between 24.18 and 24.35A. The modified Y-type materials
also typically have an 8i0,/A1,0, molar ratio of at least about
25, preferably about 35:1 and more preferably, about 50:1.

The Group VIII noble metals suitable for use in the
aromatics saturation catalyst comprise ruthenium, rhodium,
palladium, osmium, iridium, platinum and mixtures thereof. Very
good results have been obtained with combinations of platinum
and palladiun. The use of aromatics saturation catalysts
containing both platinum and palladium is preferred since such
catalysts allow relatively low hydrogenation temperatures. The
Group VIII noble metals are suitably applied in amounts between
about 0.05 percent by weight and about 3 percent by weight,
basis the carrier or support material. Preferably, the amounts
of noble metals used are in the range between about 0.2 percent
by weight and about 2 percent by weight, basis the support
material. When two noble metals are utilized, the amount of the
two metals normally ranges between about 0.5 percent by weight
and about 3 percent by weight, basis the support material. When
platinum and palladium are used as the noble metals, normally a
platinum/palladium molar ratio of 0.25-0.75 is typically
utilized.

After the starting hydrocarbon feed has been subjected
to a hydrotreating step and an aromatics saturation step, the
hydrocarbon product from the aromatics saturation zone is then
passed to a steam cracking (pyrolysis) zone. Prior to being
sent to the steam cracking zone,- however, if desired, the
hydrocarbon product from the aromatics saturation zone may be

15



13a SCF/ BBL (about 0.53 to about 1.78 nferr]/l), and

nost preferably bet ween about 4,000 and about 8,000 SCF/ BBL (about
0.71 to about 1.42 nierr]/1), can be suitably applied. It should be
not ed that the tenperature to be applied is dependent on the nature 5
of the fepgosmemato be saturated and the volume of feedst oBKTUSI144lyp| i ed
to the aromatics saturation zone. Typically, a tenperature will be

chosen wrassed |[tava Sresitiionating zone dorgreaovald offproductgasegenandbl e
conponentsi dik t¥drocarb8Rdgt-aekionk. ©- at | east about 70% of the

total anount of co onents to be .hydrogenat ed. r ef rabI eto
carry out ar ol Ade s SEeRR: | ﬁ%’éq GRGirt | TAE \Hﬁ%“‘? 2 thest
30% arowst Heon satupakigenabnen mid t bteapdragendertiend chupmbnin

bt er et finde,” CHRS i dind AP IS ol el etonrt’ ey
ar omat i cZene unarmad yorincinde ahmi%%uﬁlet temperatyreogeates cthan

CONMPONeNigh&ae ?BB"chyq,rPWf‘&h ¥ [hotkeen abeaesvas-&u@ﬁ@@zﬁc and
si mul t aneous_no ecl ar. wei ght reducti on due ydr.o enol ?@t& car bon

- car bon R¥eEeEably jbetwgen abopt 750°C, and ‘EE°§ eftean v
perf or rechrésent aatval steanw 2o hydroardion e&mmlra‘ta‘smmnttwe range of

rydjrogenaflj__&g gﬂghkz' lg.ilu:rg wlfhout 2.0:1. The coil outlet pressure in

the steam cracking zone is typically in the range of from about

0 psig to about 75 psig, preferably in the range of from about

0 psig to about 50 psig. The residence time for the cracking

reaction is typically in the rangé of from about 0.01 second to

15 about 5 seconds and preferably in the range of from about 0.1
second to about 1 second.

After the starting hydrocarbon feed has been subjected

to a hydrotreating step, an aromatics saturation step, and a

steam cracking step, the effluent from the steam cracking step

20 may be sent to one or more fractionating zones wherein the

effluent is separated into a fraction comprising hydrogen and C;-

C, hydrocarbons, a steam cracked naphtha fraction boiling from Cs

to about 220°C, a steam cracked gas oil fraction boiling in the

range of from about 220°C to about 275°C and a steam cracked tar

25 fraction boiling above about 275°C. The amount of the

undesirable steam cracked products, i.e., steam cracked gas oil

and steam cracked tar, obtained utilizing the process of the

present invention is quite low. The yield of steam cracked gas

oil is reduced by at least about 30 percent, relative to that

30 obtained when either untreated or hydrotreated feedstock is

subjected to steam cracking and product separation, and the

yield of steam cracked tar is reduced by at least about 40

percent, relative to that obtained when either untreated or
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si mul t aneously m ni m zi ng undesirabl e nol ecul ar wei ght reduction

reactions due to carbon - carbon bond scission. Aromati cs
saturation catalysts suitable for this i nventi on have been
descri bed b)(vM nderhoud et. al. in US. 25 Patent No. 4, 95854 %s78486
Wnqui st et. GP8/O¢7RY U. S. Pat ent - No. 5,391, 291 the teachings or which

are incorpo by er gpce .

sat ur at or ca’ﬁg\(?'do& %yp‘lica 8% usEe’gic % supjected ?cssteih?urattoé%ing and
(hydr ogenat iR¥Q u?%néebﬂrﬂﬁéopr-esent 30 process conprise one or nore
Grouph VITI nobl e !ﬁﬂhabroceslsh&miﬁg ¢ %ﬁ@ﬁi@ﬁeﬁtﬁﬁﬁﬁ@ﬁtﬁib&% be
amor phous suppor uc as al um na l,ca-a ilica, titania

zi rconi a, é)f {eén xQftes ip PherbE u&?’&’ ?‘ggs? FRfne su’ﬁtb?)rt %ﬁ%‘?‘?
as 5 al urtmbsotreuttng andi sammzqﬂimeszoaesl dar-otheniprgsenpatiswent iién
borosi |'i cat e;;)?ic&i‘fggecoﬂ rise’ d Id¥ mové vedEi foi'é&ﬁtoi‘s containing at

Mordeni te, Ite e 1 ke are conmblinations t
VWO 98/ 06794 least one catalyst bed and are equipped/ 1with a meange of

preferred al ij&eeihgCal eﬁydro&éha|ébiiﬂ:é/‘hiﬁ€ac%ﬁba'fbé’ctors. Q{Yﬂf&lehi ed
support are erallé ;_Prrred th an (% r}'e" suc p_ i
al um na, si Il&& F gaaé? frrgma ?ﬁ s uration éﬁﬂfé hheP¥E Sf”vé‘ﬂ‘qrfﬁ n
t he ase of ad:hm feedstonk t isulpasseid overt bomearaxrmuhore SHatrixinaxry beds of

catal ysts ar g{._aﬂ,‘yeg egmg% Qs part%e@%g{ %f% tain nodified

Y-type zeoli ving a uni o ) and
24.35[err]. The modi fl'é'BeYJt%lmﬂmﬂeﬂl Aimitationsy| providedaldny thee instant

Siqerr]/A [ﬁsé&&ﬂ:&haﬁl a&naatbﬂa&ﬁsatai'éaséhé@@mwh:.ch ax?é wﬂ é@l Yeo
about 35:1 and npre era Igtna oyt 50: 10 G oyp Vi II

Pobl'e woi ol PaxfiauiBriy; and” dfstingtly slaim | Ehe.oinsiant
conmas se rutiwventionhodiItn is, howevddt, aghdeirso8d Uthaltr ickther paaesumnnd

d mxt d .
oot oncREEFelonl® Whae persACCLERIRESRTIE AR gRbdl bUELBn an
saturation ceumventlasly thet asamey boanner at toum obtabal | &heum £ame  or
preferred si é\?ﬁsﬁ&ﬁéxany thé aIsain)éS tzse%]u.@WaES' ariteded O%hiﬂk OGFﬁﬁ%hO the

t enper at ur es. G oup VI e netals are_suitab
amount s bet vé%?Pe of theag,ggfta@to ’ﬁ’ \ﬂéﬁfg‘meaarm’ aﬁﬂ?ﬁjtl@s Eent by
wei gdo , specbﬁibatﬁ,bﬁ ana lcaral(a;fs.support material. Preferably, the
anounts 20 4984 I l.s. .U efd [ ) eéange bet ween about 0.2

awi
per cent wei ght, basis the support
material . Wen two nobFermeaamorer edetriiedd daseripfion of tthe inventiqw,

metal s normf’i‘éfe{'éﬁgéslgefn%%ntﬁb o GtaRfetClraii \6@ glitlgures 1, Etn%nd 3,

about 3 percent ., basjs, t e support materi al | at | num
and pal | adi u‘\WhFE u§€& a§1t14¥ehrﬁ3‘tﬁ‘% nﬂ-%‘?s sheeh®l | §laustrating partlcular

pl atz2smunt pal éaBbaMmERLEN ofaithe qh&rﬁ;&&, 75 is typically utilized.
After the starting hydrocar Son f eed has en subj ect ed

hydrotreating step and® csllsatl?if PN st B2t hingo 1 ' fiydrocarbon
hydr ocar bon peedstockr oma' hkineorzatand, sapu&ahamnyzomcxs:]tédensteam cracked

naphtha via line 18 and/or steam cracked gas oil via line 19 are
passed into hydrotreating zone 3. The hydrotreating catalyst 4
30 in the hydrotreating zone 3 typically comprises one or more
Group VIB and/or Group VIII metal compounds supported on an
amorphous carrier such as alumina, silica~alumina, silica,
zirconia or titania. In one embodiment, hydrotreating zone 3
may alsoc contain a second hydrotreating catalyst in addition to
35 hydrotreating catalyst 4. In this embodiment, the second

17



passed to a steam cracking (pyrolysis) zone. Prior to being sent

to the steam cracking zone, however, if desired, the hydr ocar bon
product fromthe aronmatics saturation zone may be

15 passed to a fractionating zone for remmval
product gRee8/06794 and Iight hydrocar bon fractions. PRSIl I'n

the stea cki ng, zone, roduct from aronatics

Saturat o BT RiAg s lire CHRLPally (cPRRriRes mpe OF BOFE SEPUPVES
The oper atansy amrﬁrdmpm:[bfmehelseenponndsksugported annan rmcinid:yporous
I ncl ude utletp u

parti cul ar %‘%@gn about ;H:H and g:%ﬁ h otreatiﬁgo Em?QQ&E{EE

bet ween amalmﬂer*?caarﬁﬁa%éﬁt be@me:ubxrw:e@ %«mémrationreuthh
at sa stearn YA S DE DR oncwﬁptsﬁ at4o paihe 'ogeeép lEna f AR abgebona

0.1:1 ab utl et pr re in the steam
cracki ng ???B%Q%I ??g?ﬁygh gPéH&e"g‘f EP% *about 0O psigto
about 75 psig (abﬁpﬂroﬁrebhungtozcutmuts 5isbatypically progexsxted iat
t he range t bopt ° t °
about 4%3{%;15&{1{%#38&%@' &’ﬁé 8? fé@ﬁpﬁkfgut f:ngc&'fl%ureac‘%@onélasc'
typi cal | y REeferakhhyigtren. #I?QH# AR C k@ rbout 5008Cn(The hpessusesinotie
ang pref efk?}&ﬂoﬁfbééfnéaﬁgﬁeoisf geRerally AP 'thd va Bl £ Dbud 400

second. After thé , starti dr o] f eed has, been
Soh ot e PRAE 5O RAE f 3a0PAy PriSy, PrafiraPif, dien Abovs #p, BRie €0
st ep, arabout s1gH00C padlgi.ng kigpidt heurlliy spacef nabocitdest r@HSV) will

cracking st e r fr o] one ergin
the effl ue e?arﬁefeeén Oﬂ?g l:Q'Jl?‘#]%ctgl onf%%*rp%dr%g 623 %?1 5b° g ighd
Jerr] - q@:refem Ycafpems, abautst 8am tpacanutna%tmlumes tbfaclimid

baig i ng frr%ﬂ@éfﬂmhopé@%ug%&fw&ﬁmé ot Q@ans%& kaﬁagﬂ tbéenz‘éo i

fraction boi|l %%; r gnge of fromabout erg}]&_1 t o abou 5[err
and a stediffe k'éélltlalbef r"‘:{bt% Bngengt 55'8% 595t (ghoutnio,
amount of gtenddncd®scubdice fHetare£rAgaLdgenopec barriele.of sSt&ain (SCF/BBL),

cracked 35 g Legtly >t £, CHAEKE] 1 00 UL 80| b1 66RO LBE/per, most

process o e pT €5 fnvention i s fui
cracked gaereferablyediram about |90 al§§utabmlfpe3e@ﬁ9 SCF/BBLy¢| atfitveiso

thag obt a'd@é’;%ﬁeehhhﬁ&d&%&%ﬁ%@&dﬁ@@t’é&aﬁéﬂme the f GRg@ADEKsultar
Vel d of SHEURk cERRYGs 2PotEodaR s per Tillion, Pleferanly Bofow
about 50 parts per million, and more preferably below about 25
parts per million, and the organic nitrogen level to below about
15 parts per million, preferably below about 5 parts per

25 million, and more preferably below about 3 parts per million.
The total effluent from the hydrotreating zone 3 is
withdrawn via line 5 and passed through a separator 6 where
gaseous products i.e. hydrogen, ammonia and hydrogen sulfide are
removed through 1line 7. Optionally, a 1light hydrocarbon
30 fraction may also ‘be removed before the 1liquid hydrocarbon
stream is withdrawn from the separator 6 via line 8. The liquid
hydrocarbon stream in line 8 and hydrogen via line 9 are then

passed into aromatics saturation zone 10.

The aromatics saturation catalyst 11 typically used in
35 the aromatics saturation =zone 10 of the present process
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| east about 40 percent, relative to that obtained when either 35

untreated or WO 98/ 06794

PCT/ US97/ 14416 hydrotreated feedstock is subjected to steam
cracki ng and product separation. The HOGES/14416
accordi ng t VP8O Pdsent inventi on may be carried out in  any

suitable e e ri ydrotreat | a aturation
zones in thg&%)r%sgén?si Reht Fg mo¥8 é?@‘b?céﬁrgfcgﬂgﬁ'?s?%%gl p?g?ﬁ%‘f:genatlon
vertical reRIRPANLBHEFAPRGTELD on an |amnenphans X HEAtHELLDS Support.

equi pped Wi th a neans fRtomatics bRitGaititrR 20HE AL sS ypdealNho dptrated at

reactors. fixed bed hydrogreati d_aromgti Gs ation
reactor syst m?gﬁefo betw‘#/fb ?ggﬂgt&g‘% | ﬁﬁgs%rfﬁég or Pr&terably
st at iSonary eetwedén about 250 %C\andiabout B30Ye, | and mdstc preaferabhlyf datadshen
The ranges L 'Y | Ldeds bt he bnst I f [
clains are t os%f%?%éﬁdgéwiégegs?oc' gna@p@?%f%u %rjrns%gélzr?{d"% o%ﬂ]&
distinctly @ReWFt4@0iRsigntolabout 3,000 ipeig, |pre§¢rabizvén, thedrangso ®f

that other revEfsapodt 400 pshigmtbahbout 4f)3o0psfier, "moas bralfedabiy G the
sane fun_ctlon in sublsé%antlallﬁ t he, sa n%n r to obtai rlthe sane or
subst anti al I5PR¥R S4nefTeR BPolt, #APcRRAP ( 1oL &RAYY 1/ PR PsSig, apgpaast

t he Aitnst ant prefetrably adindethaecdalmge hef | fixbantabut 406ppsity dsd | aboatd 600
cl ai ns. : Detai l Cript i of Dr gy . . Faor,
more detail &b ’scrlp?’?‘gﬁqo t@%en?é%‘?\? @&iggftﬁ’é?%reﬁtc‘e | erraagqn%tt%f
attached dr Satgpatipnuzenelare fypigcally in thie slangsr of finopl abont O.Jlbowo
sheets illusiéeti 98 vBiuklesu! 5 A TN LWOVSELE T QR:

In Figure 1, h ‘éﬁ;oﬂenvviga i ne@q,gﬁq‘é;rl%cg?%gﬁb gfegegg%%lkﬁ%agleﬁxg% of

and, optiondfatAlyetyc REeLeEARIY, obRkem about 8.5, k2 \RROWENS 48 Bkl Fore
St eas cr ackepsrefsrablyVviEzon adold ar eco about passeHytrbgehy deetstackndatdins

3. The hydr ' lys ' eAat | n

typically c?n%ﬁ%%@%ﬁgﬁgryﬁ%?é '%Qd ab°@o%%%%ér§fr/ﬂ bﬁ" &ﬁ%ﬁi‘y Syween
conpounds sARRMEed A0Gnand abautor AREOHOcaBEFEBBEuctARd aasti npreferably
silica-al umpdeysbhi ahout 4, 008! Eﬁan'a?o&{ttﬁéﬂbascg/?%r}e AP OHL "R itably
hydrotreating zope_ 3 may al so contain a second’hydrotreating

catal yst in 3RRH1E3n t Gepsrallyhy & enperaturat¥iyltbe. chosgni yhich allows

enb@b ment, suhetastfall hydrogenation of the hydrogenatable é&dmponents in
the feedstock, i.e., at least about 70% of the total amount of
components to be hydrogenated. It is preferable to carry out
aromatics saturation under conditions which allow at least 80%
conversion by hydrogenation of the hydrogenatable components,
25 with greater <than 90% conversion by hydrogenation being
particularly preferred.

The total effluent from the aromatics saturation zone
10 is withdrawn via line 12. If desired, the product from
aromatics saturation zone 10 may be passed to a separator where
30 gaseous products i.e. hydrogen, ammonia and hydrogen sulfide,
and a light hydrocarbon fraction can be removed. The product
from the aromatics saturation zone -in line 12 and steam via line

13 are then passed into stean cracking zone 14.

In steam cracking 2zone 14, the product from the
35 aromatics saturation zone and steam are heated to cracking
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hydrotreati ng catal yst typically conprises one or nore G oup VI B and

or Goup VIIlI netal conpounds supported on an acidic por pous support.
Preferably, the two hydrotreating catalysts are arranged in a
stacked bed or layered configuration with hydrotreating catalyst 4
bei ng ONwgo dgid794aN t he second hydrotreating cat ACISESIDR441G on
bott om Hydrotreating zone 3 is typically oper at ed

at t Seppextatures. N The opegatdhgl cemdaiitddne 0 ethe Csteamakiidcking

550[err] C, m._ab 2 C. he
pressure |ﬁ°{‘ﬁ m’ﬁﬂ% %‘1{1?8 aazc!é)ﬁ%ll ggggnergﬁ#%‘# g% 3{% F
about 400 about FHOfC4 oinapautlguéeu between @haut 2700%¢ andapcsvcz%nd

bar), bpré?.éﬁ:%'h@b' ybe&ﬁaahaw\uéloesmw dRaak@but 19%%!08"91
ar 0

27 t 10 d h I { L
W15 ypi BERPSTR 86, & RESERSe RYOFPGATROR voi8hE Fatinodn the rppge of
pr ef er abl yfrbmoraquom 10 5totaboalh0|2t. :1. v@heresoibf outlgtii pressure in

hydr car bontﬂge | n'iinhﬁ‘ifacmoﬁ : & ab tug&é@ 1 ‘iﬁmgte of) TG Oladbout

ratios wll e range or oabo
standard cQoP&ig &a akguthyth c@%*ﬁpepreﬁﬁtﬂbly tn thecrange of( STorBEbout

(f rom aboup Ps3%P t® AGEE 800 '&@Qda“ﬂxé%é‘a é’éstgﬂe fobCknbk! tc?acké.ﬂag ,
nigrr] /1 )%é %_;_ef er, ab(*}é'Pf roaglé ab.out 000 to about 5, Oq__
(f +bm abouf <8<  AThtls rfj"ﬁ L, f3om QH%}" 0.01 seganh&R
2,000 to ahbout3 S)O&ccﬁm'é Bihd pf:eﬁarab&yt ih The tyange ofalpuh @bdat 0.1
nerr]/l). # thf[rhé"é’ (ptreating zone 3 to reduce the
[ P eveI "abOol RN

organi c su ow apbout 100 parts per 2 mllion, preferably
bel ow about 50 partsTh& tata) effinentnfizen the mtefan grackigiowansod A5

parts per ghikhia®awnRdal hqxw 43Niahd paséydt W%M&wﬁﬁ&@mﬁww&e

pa és per mLlion refera bél o bout arts I on

5 pr ef ePabF ?CtBQF‘oﬁPmPrls&BSUPYQr BSPPSa’B@rClrﬁck mxﬁrowbons are removegk
to; al eff Lluanbufgmmﬂdw 1y dr etéesnt cpgckedendphtha (boiMi rw&we@.ra ¢ @d
and passe Q{0 r at Seosus oduct s
hydr ogen, atr%’rﬁmg#allgnazﬁggr ggg{ﬁrggg?‘f ﬁ.gge 18, %mr%’ft%% %ﬁ%t?g]r% %"r?@‘i“?
Optional | yin aﬁ@gmnﬂpdr@ﬁaﬁm'm about f 20rForko napoutl V51 isemmmayed
ggf ore t h%hr'dquﬂ ‘im@“i‘éo‘i%hQOBtreams J?Eﬁg@ ¥$a MAB AMNLA rﬁﬂﬁ L4he may

Egrator vida [ine 8 ydr ocar on streamin Ijine
an hydrog@ﬁ’t\}ﬁi‘quﬁe yegygled to 11"‘9(h &n hydeaapnhan fesfgtrek to the

sat ur ati onhydiotkeating zone 3), and steam cracked tar bo:.ling above about
275°C is removed through line 20.
In Figure 2, the hydrotreating portion of the process
(hydrotreating zone 3 in Figure 1) is carried out using two
25 hydrotreating zones, i.e., first hydrotreating zone 21 and
second hydrotreating zone 24. The first hydrotreating catalyst
22 in first hydrotreating zone 21 will typically comprise one or
more Group VIB and/or Group VIII metal compounds supported on an
amorphous carrier such as alumina, silica-alumina, silica,
10 zirconia or titania.

First hydrotreating zone 21 is generally operated at
temperatures in the range of from-about 200°C to about 550°C,
preferably from about 250°C to about 500°C, and more preferably
from about 275°C to about 425°C. The pressure in the first
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The aromatics saturation catalyst 11 typically wused in the aromatics

saturation zone 10 of the present process conprises one
or‘nore-Goup VIII noble nmetal hydrogenation conponent s supported
on an anorphous or crystalline support. Ar onetg GSuseri4416
saturation 2R&888¢%s typically operat ed at terrperatures et ween
about 200[err]C and about 370[err]C, preferably bet ween about

250[ err] C aftYSRRkKeatingr 2pRe Afd Ianarakler e‘r’hb‘F—‘yebE?RESn"f fromyphaut 400
275[ err] C anpsbizpotb HHU r fCooanpsig) epeeferabliyhefromgabdiutf 400 psig to

bar) . pret e £080h Bedby. " H i BB AY,) sFaRE ve EoBtelbs (rusvi s
psig (from mc‘-@?l.‘barbﬁ o iabothelorange) ofrofro abowtef Or2bl ?Ol rahcblet 2,

rangg of frqp 0 psbA tgbaggutolsoog b u[ESI q (%
t o about 68lnba % an#rmst pr ef er abl ° a o ran o?'from about %ﬁm

psig.to abo axchen (pgx hour Pe’éﬂfﬁ&“@? ‘tfatcacft?% t and hygnogen |tq gkl
hourly spacatide®cwilksbe in the thengé oot froms Abouwt | 500ztbcabbat 10,000

LYol o PR OpuBlc” tany (O£ hRRRkRR Bet0 AN 'S5 o3 ey

about 0.5 t prefimrably from, akeut os/G00 hef akhity S,fQQﬂn SCR/BRL, iost
to jgabout (}n?efera oly Mt dﬁgeagaﬁed%%r%fd Oébaﬁweae e” E‘?B%Q..O an%l’ﬁse

about 15, 00 35 to about prefe
bet ween 20 CoMbiftiangorzed %FB?J‘EE ad kR SShiwy tdéf-’-%‘sr

merr]/l ) amb\rmhrzbzzetﬂéﬁhhud hmmmmmlénoomabw; b o o Q.(H) des:.rable
Sopi fed.  cotbr5pP, Firde niREbtredcify Jofld (o) renfBl e SH6ARREY surtur
subst anti al hwbbgtoaﬂ:aim\ofabbuthmmognmztsabpercmﬁiddmn,s pneférablyhdelow
Feeqgt ock, Ianyt géob e?é&tébg'é?: Eqb(‘g’ﬂf orl h%ﬂ'é’tﬁ{e a&P&QﬁzBf n.ttrogeﬁo RV %

to be hydro enat e erabl"é td carry

saturation W cabehti FR mms aP‘P’éwmé-tllllé’é‘st merablyCchﬁﬂa%uehow 25
hydr ogenat i qfh;_e&stlb@r hyg]_pggﬁat abl e corrponent S, with greater t han

o .

0%  comversion DY, "HL0BSEal | o0y LEulte d0n e AL WM ALLYGREELS LR 21 o

via |ine 1assed Jisi lnde, 23 o et l'iyrdnutreatan amie 2% adu cantacted

ydeSgen, - arbat o seehnl) I SEOREhpind Cotalyet, 95770 He ol Bylrbtieating

fracti on carF¥dealespyes. ’cymh@aﬂllardmprlses fansn PRANQFSnGrrep ¥iBupnd/exr a

zone in |inegrdup aNAr Bt e3@td1®: compounds supported on an acidic pbYous
support.

In second hydrotreating zone 24, the total effluent

25 from first hydrotreating zone 21 is contacted with second

hydrotreating catalyst 25 at temperature in the range of from

about 200°C to about 550°C, preferably from about 250°C to about

500°C, and more preferably, from about 275°C to about 425°C, a

liquid hourly space velocity (LHSV) of about 0.1 to about 10

30 volumes of liguid hydrocarbon per hour per volume of catalyst,

preferably about 0.5 to about 5, and a total pressure within the

range of about 400 psig to about 3,000 psig, preferably from

about 400 psig to about 1,500 psig. The hydrogen circulation

rate is generally in the range of from about 500 to about 10,000

35 standard cubic feet per barrel (SCF/BBL), preferably from about
21
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line 13 are then passed into steam cracking zone 14. In steam

cracki ng

zone 14. the product fromthe aromatics saturation zone and

steam are heated to cracking

10

i5

30
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1,000 to 5,000 SCF/BBL, and most preferably from about 2,000 to
3,000 SCF/BBL. These conditions are adjusted ¢to achieve
substantially complete desulfurigation and denitrification.
Typically, it is desirable in the second hydrotreating zone to
reduce the organic sulfur level to below about 100 parts per
million, preferably below about 50 parts per million, and most
preferably below about 25 parts per million, and the organic
nitrogen level to below about 15 parts per million, preferably
below about 5 parts per million and most preferably below about
3 parts per million.

The total effluent from the second hydrotreating zone
24 is withdrawn via line 5 and passed to separator 6 where
gaseous products, i.e. hydrogen, ammonia and hydrogen sulfide
are removed via line 7. Optionally, a 1light hydrocarbon
fraction may alsc be removed before the product from second
hydrotreating zone 24 is passes via line 8 to the aromatics
saturation zone 10.

In Figure 3, the hydrotreating portion of the process
(hydrotreating zone 3 in Figure 1) is carried out using two
hydrotreating zones, i.e., first hydrotreating zone 21 which
contains first  hydrotreating catalyst 22, and second
hydrotreating zone 24 which contains second hydrotreating
catalyst 25, as in Figure 2, with a separator 26 between the two
hydrotreating zones.

In this embodiment, the total effluent from the first
hydrotreating zone 21 which contains the first hydrotreating
catalyst 22 is withdrawn via line 23 and passed to separator 26
where gaseous products, i.e. hydrogen, ammonia and hydrogen
sulfide are removed through 1line 27. Optionally, a 1light
hydrocarbon fraction may be removed before the product from the
first hydrotreating zone is withdrawn from the separator 26 via
line 28. The liquid hydrocarbon 'stream in line 28 is then
passed to the second hydrotreating zone 24 which contains the
second hydrotreating catalyst 25.

22
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19a tenperatures. The operating conditions of the steam
cracki ng zone normally include a coil outlet tenperature greater
than - about 700[err]C, in particular between about 700[err]C and
925[err]C, _and preferably between about 750[err]C p@gms@pﬁgis
900[ err] C, WRIBR%¥team 5 present at a steam to hydrocarbon wei ght
ratio in the range of fromabout 0.1:1 to about 2.0;1.. The coil

outlet pressure in The tofal effivent frgn the secend bydrptreating mone
of fr om abaut is ther) witdiGraw® viddline /S amdi Pasf8otb spakator & where

about 50 psogeeous prahfiee dse. hya s damnid SRE MMrond Ahndiap are

for the removeskivia r dinei Gn | Opyienally.ia tﬂi@h‘lari@admcarbnnalfmdction
0.01g goaisbobebeuho%aese.%g%eaeﬁepﬁfaaﬁah' ¥robsbBSnd’ AYHE dlrddtiig

about 0.1 seCond to, about seco

fromthe st Z9Me G4ckFnBassRe ¥iR ldine 8 tq; the M“W‘hi‘l‘? n@ai_Eeraﬁécpam

to fractionapi.on zone 16 where a fract [ on corrprl si ng hydrogen

and derr]-Cerr] hydrocarbon %’Il

cracked naphtha (boili Vel iof "118:[ QPV] §n EEP ai“g

t hrough [ nc@plasaawhacholmlegé&IMStrative banﬂl rare i mott hintendged tb6 be -

froﬂb about c%%%[t%ééiaé n&?éksrékspe' 8r2Ene ik \e% nrough line
(the stIr eamst rermve via llne l'i ne ey optionally

recycled to to the hydrotreating zone

3), and steam crack%:aﬁﬂebplandlomparaaméeEﬁQﬁpLeZZEkebéhGﬂ &é&@f@éﬁsﬁ

t hrough |ineg re t he hdro at orti
t he p?ocesscarriea( QW oBFARE R %gﬂg g{:ﬂ‘? ?iﬁa wg‘af)
t wo hhavdeatheg properties. eshowhi rh't 'm;hireot n.eabel]gw.zoner:xa’aﬂplend.

secogd hydrg.”%%éng Zongﬁ}%%r?gggsfb%s%@gyﬂge%'ﬁg‘t&?{f&XSt Compa Lé%::uﬂe

first hydrotreati ypl Ca rrse one
VI B and/ or s%%orw o hasgpbegn &Hﬁ’am to

carrier Suhbdxﬁﬁ:re?dmglaonly'ﬂ% ri6r atdnkBdam crackinlg.ca, zirconia or
titania. First hydrotreating zone 21 is generally operated

at te%%-\% in the range of from about 200[err]C to about
550[ err] C, pr ef éedniple r on abestr Y5O erth€ tprabest 56@[ ethleC, predent

mor gobr ef er gl dention using a 100% Atmospheric Gas 0il (AGO) feed.

A commercial alumina supported nickel/molybdenum
catalyst (1/20" trilobe), available under the name of C-411 from
Criterion Catalyst Company, was used as the first hydrotreating
catalyst (catalyst A) while a commercial prototype

25 hydroprocessing catalyst (1/8" cylinder), available under the
name of HC-10 from Linde AG was used as the second hydrotreating
catalyst (catalyst B).

The catalysts A and B were operated in the

hydrotreating zone as a ''stacked bed" wherein the feedstock and

30 hydrogen were contacted with catalyst A first and thereafter
with catalyst B; the volume ratio of the catalysts (A:B) in the
hydrotreating zone was 2:1. The feed stock was hydrotreated at
370°C (700°F), 600 psig total unit pressure, an overall LHSV of
0.33 hr! and a hydrogen flow rate of 2,900 SCF/BBL.

3
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35 from about 275[err]C to about 425[err]C The pressure in the
first 20

hydrotreati ng zone is generally in the range of from about 400 ‘psi g
to about 3,000 psig (about 27 bar to about 204 bar), preferably
from abouyo48@sd3i g to about 1,500 psig (about 27 PaA 4SS dbt
102 bar). Liquid hourly space velocities (LHSV) 3 will typically

be in the range of Hyapoteaitihe dtou‘i@w;toeed congiied ¥5a/ sdrf/@m. of

b b
por vol uncigpfoaflbha feaiTEeiCEy fhe prdliction or 43¢ eI B balite o
range of fPHmtighbéuigeaess t (nebbane, ethane(, PI®paNenc;nd bubane)fend Al0.6

hydrogen percBat! 8y #Elr?eﬂ@e@f i@qnid(wggkibo%xn?&@]]l Lﬂe&%}ge l?l%)?

bout 2.0 standard cubic
fr o about 220860 (3808EB3ut 5, 000 SCF/BBL (from about O. 17 to about

g CISZ?BBE[ err]/1), rmshfmef eh?ﬂlrbtreatind,roﬂﬁboh az-da,m;gda,a 2 RRaustOOQas
conditions&%lgglégggstté% Fc?mgé’tﬂ ebhe Hé{aq‘%;g hﬁ Fg%g” g#%%“t% i boiling

desul furi ZbelowW 185!‘16 (368&F).ri fi cation. Typically, it is desirable

in the fi hyd |
o bt ow mhout " boo_pEhR b18t19984 fiyarpreaBUi®Pebl AL IR PUEddH yotHle

to bel ow about 5Q0 parts é
patls per 2FPRALaRS &n&ttrwé:ion zong gihexe nit reasncentarted witbwhydaegenso

gﬁrtts tpfraif‘i?.: |a0[b?ﬁﬂerc%apr$éﬁéﬁﬁ¥ tait. ppb At %ﬂﬁmﬁ Rig ”b'a'l'l%ﬂium
e total effluen rom firs rqQtreating_.zo ass
via line aﬁgmagé SsER5NFa W&‘r#@gt s%g (""?gﬁé' s%C)an&vailah bﬂ?&fé’t gg
W th seconamehyof ot3-€040g f1at alZeoilys25. Internationafecondthe aromatics
hydr ot r eat Sty ty.0L C S ?ere p

and/or a G%quE%E?byl S %%m%éﬁgegggégr ? 2’ Q’;]oé}c)ég‘i C%BH P éiﬁ to\éali

oy
SUbbort  Unit pressure, LA§VsefohdShpEloaRGa mgsagen Bloy mateafl 5,000
ef f | uent scpégﬁf_,om first hydrotreating zone is contacted wth

second drotreating ,catal yst 25 at te‘[”g?er re in_the race of from
30 about 200[err] cArQp L&&ﬁ; aé@ﬁfﬁﬂ“(? V*?@rﬁyﬁﬂﬁreﬁﬁ%ﬁ%
to about feed GodsamedC, 4u0l rECE/BBRf elsydhtqgeﬁroandboubsﬁlﬁbﬂrr]iﬁ t €he

about 425[€£5]ﬂ9ct§.orﬁ of bl p%é&%g:’%%dfpagf e 9&' t%l&lﬂékggg‘-egf J%%l%n% 1

t o about unes o ocar on vol

at@l yst, ethanerppepm ynabéayttamea angl ébéupe;cemd hy t‘\fﬁlahtpﬂfsé-l}l@id

within 35 n dtbea&wwlm@ltbéﬁ&a@@; hfgakspc3 (Qe@oﬁql g (about 27 bar

t o about 204 bar), referabl m about 4Q0 psi bout
), P After ¥om cs sa%uratgone t%e grocarbon product

was distilled to remove the liquid hydrocarbon fraction boiling
below 185°C (365°F). Following aromatics saturation, the

25 distilled saturated AGO had the properties shown in Table 1.
The distilled saturated AGO was then passed to the
steam cracking zone where it was contacted with steam at a
temperature of 775 to 780°C, a pressure of 10 to 15 psig, and a
steam to hydrocarbon wei'ght ratio of 0.30:1 to 0.45:1. The
30 residence time in the steam cracker was 0.4 to 0.6 seconds. The
steam cracked product was then sent to a fractionating zone to
quantify total hydrogen (H,) and "'C, =-C, hydrocarbons, steam
cracked naphtha (SCN), steam cracked gas oil (SCGO), and steam

R
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1,500 psig

(about 27 bar ro about 102 Dbar). The hydr ogen

circulation rate is generally in the range of from about 500 to about
10,000 standard cuboc feet per barrel (SCF/ BBL) (fromabout 0.089 to

about

2.0

standard cubic neters per liter (nferr]/l)), preferably.

from about WO 98/06794
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cracked tar (SCT). The steam cracking results are presented in
Table 3 below.
ve -

A 100% Atmospheric Gas 0il (AGO) feed was treated in
the same manner as Example 1 above except that the AGO feed was
not subjected to aromatics saturation prior to steam cracking.
Following hydrotreating, the distilled hydrotreated AGO has the
properties listed in Table 1 below. The steam cracking results
are presented in Table 3 below.

TABLE 1

Properties of AGO Feed, Distilled Hydrotreated
AGO (Comp. Ex. 1-A) and Distilled Saturated AGO (Ex. 1)

Dietilled Distilled
AGO Hydrotreated Saturated
Feed AGO AGO
(1-3) (Ex. 1)
wt. 8 C 85.92 86.54 85.76
wt. & H 12.69 13.54 14.34
wt. & S 1.188 <l ppm -nil-
PP wt. N 212 <1l ppm -nil-
Density, g/cm® 0.8773 0.8428 0.8213
@ 1s5°C
Simulated Distillation, D-2887 (ASTM), °C
IBP 216 173 181
5% 258 212 200
10% 274 231 211
30% 306 286 261
50% 325 312 298
70% 343 333 323
90% 369 363 355
95% 384 378 369
FBP 434 429 416

The untreated AGO, the distilled hydrotreated AGO of
Comparative Example 1-A, and the distilled saturated AGO of
Example 1 were analyzed by GC-MS in order to determine the
structural types of the hydrocarbons present. These results are
shown in Table 2 below. As can be seen in Table 2 below, the
process of the present invention (Example 1) is effective at
reducing the aromatic content of hydrocarbon feed streams with
a concomitant rise in the guantity of both
paraffins/isoparaffins and naphthenes.

25



21a 1,000 to 5,000, SCH/BBL (from about 0.17 to about 0.89

nerr]/l), and nost preferably from about- 2,000 to 3, 000 SCF/BBI)
(from about 0.35 to about 0.53 nferr]/l). These conditions’ are
adjusted to achi eve substantially conplete desul furization and 5
denitrifiaabdgdes Typically, it is desirable in the BETUANI14416
hydrotreati ng zone to reduce the organic sulfur |level to bel ow about
100 parts per mllion, preferably bel ow about 50 parts per mllion,
and nost preferably below about 25 TABLE 2 per mllion, and the
organic nitrogen |level to bel ow about 15 parts per mllion
preferably bel O\Rﬁp g ]1131’-' %F%;g%;ﬂged AGq_QP&er"ed %Pﬁ@?ﬁbl y bel ow
about 3 parts pe t m t he
second hSdLgLLgarlnn Zon til%ﬁﬂj&?ﬁ#&ﬁﬁﬁ 0
separator 6 where gaseous products, i.e. piedOORsd anmyistilted

hgdrogen sukéldeive Abandargi®wal Vixco! | nen}drotr@ateanal |saturatéed ght
hydr ocar borvarioukr Noliermlaxay al so Feedenoved be¥@®e the prodasd from

second _Typdset Vedl.i &y zone 24 is passes via (I+Ak 8 to th(sE:a.roIr)atl CS
of the 'p??)cgc’”e 1hs/TaoRARALEINS, g ﬁﬂhgﬁg”fﬁ i ”&“ydf o oa F’SLE' .
V\EI ng two §E§Fr eating zones, 4yt,, first treat| ng

con PRNS™ first hydrotrea‘t'l ng cataly and second

hydr ot reating zone 24 which contains second hydr ot reat| ng

catalyst 25, as in Figure 2, with a separator 26 between the 25 t wo
hydr ot reati ng zones. IRBEBLX enbodi nent, the total effluent
fromthe first drotreatl ng zqQne 21 which contains the _first

hydr ot r eat i ngr@boratg bl §& FaEZ F§°%’-Pﬁd|!eiaﬁﬁdﬁ &0 fasesugmd

separ at o a ival=

hydrogen 30 sulfide are rem)ved t hr ough |I[§I§st£iled Opt i m@dmle@
l'i ght Propiictc ashon fuectgon may be renpvediydelotredtrd pr odatunidted t he

5 Based on Feedstock AGO AGO
(1-a) (Ex. 1)
Total H, and C;~C, Hydrocarbons 57.72 64.75
Total Others C; and Greater 42.28 35.25
SCN, C;-220°C (430°F) 23.26 27.50
SCGO, 220~275°C (430-525°F) 7.13 3.22
;0 8CT, 275°C (526°F) and Above 11.88 4.52
Total 100.00 100.00
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first hydrotreating zone is wthdrawmm fromthe separator 26 via i ne

28. The liquid hydrocarbon streamin line 28 is then passed to the
secord hydrotreating zone 24 which contains the 35 second hydrotreating
catal yst 25. 22

The total &VOP#BE4from the second hydrotreating zone FETUSTRANS
wthdrawn via line 5 and passed to separator 6 where gaseous
products i.e. hydrogen, anmonia ogey mgry_uéf i de are renoved
via line 7. Optionally, a i fraction may al so

be renoved bef opanoiriatdivdBidan 'GFadRERY Ivields hfsf%aaabuagpfaaﬁc% s
passed vialine 8 to the aromatnaghtha, Salslibdlll ,0an® Myl 0
The inventi on no € de

are illustratjve and ai Hot nded to be c&#ﬁtrlde]&daa | i nPFFﬁéltlﬁ!@
scope of thef el "F stratlve Enbodi nE¥@rqtreate Saturated
Exanple 1 and® ?’ét??ﬁdﬁggﬁkl e 1-A.below were eac€%  carri e(z

usi ng a 100%-AfnsphecicGas Ol (ACO. foodsiock ME"' 1)

properties sidctéd &gggguslzrg@!&% Example 1 illustrates the
process of the present 1 nvention. nparative Example 1-A
illustrates Aﬂigﬁ% has been subjected to hydr & r%tl ng only g i5§r

to steamcra NeEyample 1 Exanpl e 3 scrl bes

pro s of @ﬁgsent 20 i nvention using a a%g%trmspherl 516%%

Gl TAG fe A comercial alumna rted

ni ckel / mol yb etylene catalyst (1/20" trilobe), avai under gh

name of G 41llpypappidh@m Criteri on Cat al yst Corrpany, 13/@5 used as tlig lert
hydrotreati ngpr Al dsk ecibah whi | e Qmy-ci al 0.32
protpg ype M%chsggagutgﬁ al yst /n8" cyli nder)o 14vail abI e 0.16
under the namsébutiidflef rom Linde AG was used as the gecond 2.42
hydr ot r eat i ngBwoéméyst (catal yst B). The sgcatal ysts  4,e7and
B were operpttadiene~ihs hydrotreati ng zone as 4a22tacked bed’ 02

wherei n the fRatiesneck fods3® triaydjogen were contactla@5 with catalys®e A
firs20and tmare&fett@rlenes with catalyst B; the volun®.io of the 0.02

catal ysts B eds &hﬁi id g¥.g,%ta:t%ati ng zone was 2:1. The feed stock
was hydrotre

Isoprene 0.88 1.20
Pentadiene (cis & trans) 0.70 0.93
Cyclopentadiene 1.51 1.89
25 Methylcyclopentadiene 0.86 1.08
Benzene 4.26 6.17

As can be seen in Table 3 above, the yield of each of
the particularly valuable steam cracked mono- and diolefin
products in the H, and ¢,-C, hydrocarbons fraction, i.e.,

30 ethylene, propylene, and butadiene, is increased by at least
about 8 percent; the yield of each of the valuable steam cracked
diolefin and aromatic products in the steam cracked naphtha
fraction, i.e., isoprene, cis-pentadiene, trans-pentadiene,
cyclopentadiene, methylecyclopentadiene, and benzene, is

35 increased by at least about 25 percent; the yield of the low
value steam cracked gas o0il produci: is decreased by about 54
percent and the yield of the low value steam cracked tar product
is decreased by about 62 percent when the process of the present
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370[err]C (700[err]F), 600 psig (41 bar) total unit pressure, an overall
LHSV of 0.33 hr[err] and a hydrogen flow rate of 2,900 SCF/ BBL 35
(0.52 nmerr]/l). 23

Hydrotreati ng of the AGO feed consuned 550 SCF/ BBL (0.098 err]/l)
of hydr oo&i sefaghgaesul ted in the production of 2.0 perBEBHSHBY44RL | ght
of light gases (nethane, ethane, propane and butane) and 10.5

gﬁ& cigg Cbimvdéﬂéﬂbﬁ ctmpriding hpadicre; Aft g, a:r:gfh;aie:hceg £REWELP & Clainlg
rr
hydr ocar b %2 %rﬁﬁgﬁ%‘ﬂgs (Exanplg .1) | flﬁdu &T&Fé‘ 6{'[41‘@3(; Y?qggﬁ yielas

hydr ocar ebtainedtwhanbthéi ged is shbﬁewth&Sp:er hi@res&epting-pnly prior

Saturar .tl)‘trré'i‘%%%m mmﬁ (cEERatAT VI BRI 2000 | LN hnd
comer ci ahLLUSEEe sEpbeddpent 2 4tinum and pal | adi um aromati cs

8]
?82 gr a}g ion cgt al ystskaﬂbabyat ahil c%!@ah:&lﬂlﬂre Exampled@~a Hedow wWdtedleack
rom

vas. oper HREE RSO SGRE HFL85! RobyaFprEpatidagors neali ptab aRgiiy iy g™

unit pr esen'reHAGQHS\feedstdcls alving thed propertiedydhoyan ihovmalale af

t5 hgoodlsgt:% ?’F ﬁgg r [)éﬂeéa#%eive E"R&]"reeed’2 .E:%néﬁ‘rgre 4 23’?@%/ %éﬁ?gaogf €

M®rr] /| )uskpdr egéﬁw&n Heayy |Atmpspherie Gas @il p(BAGE) | Spedstogks hasrinent

gy6WEI ghttré pkbﬁE&tﬂ@S%&ﬂ; iﬁnﬁhhaae,.z HdIHIR, PEREAPReaRd 1hTuaatdyl
perc

id,h b boi | b
and 150[ cHRPCHTEEREE: prcthe Brescht “unvah€idh " conRaralivec HERbIE 2R
hydr ocar bbhlpstdates HAGO whichilkas|been taubiewhed tte hyidpoto-datdou argdony
f t F I
[racti on &oLihie nyardibldltntf ULl v WRLE hbFhronasiEdl llhiibeton,
pkBpert | eBTiABWEC EtRAM coracking.  Comparative Brample ea-§atu}r1at¥@atk§§
was then ﬁﬁﬁ&éﬁtéa thgco whx&iefﬂa§r MelemOsEaas Weasked. Was

15 psig (EBaple 2-c fiPgstrakes” HARS Gnidh ﬁba%‘imir%ﬁv:{@mé 0o
of 30 ﬁy&ﬁbtrbat&néSuinngThestaekéanbedtmmstwm nym:mhmgacdehalms

?rgct ?ogagl ﬁg‘cﬂggﬁg" éqgt%\ﬁeﬁ%.@g#d%en err %n%[ err]-C err]

hy@r ocar bBXamplet 2am cracked naphtha (SCN) st eam cracked gas oi |
(SCEO), and steam ghe following example describes the process using the

C catalyst system described above to hydrogenate © catalyst) a
hydrotreated 100% Heavy Atmospheric Gas 0il feedstock (HT-HAGO).
A commercial zeoclite supported platinum and palladium
15 catalyst, available under the name of Z2Z-~704C from Zeolyst
International, was used as the aromatics saturation catalyst
(catalyst C).
The already hydrotreated feed (HT-HAGO) and hydrogen
were passed to the aromatics saturation zone and contacted with
30 catalyst C. The aromatics saturation zone was operated at 300°C
(575°F), 600 psig total unit pressure, an LHSV of 1.5 hr! and a
hydrogen flow rate of 5,000 SCF/BBL.
Aromatics saturation of the HT-HAGO feed consumed 520
SCF/BBL hydrogen and resulted in the production of 1.4 percent
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24 WD 98/ 06794

PCT/ US97/ 14416 cracked tar (SCT). The steam cracking results are
presented in Tabl e 3 bel ow. Conparati ve Exanple 1-A
A 100% At nos herl g;as Gl (AG) feed was treated in 5 t FCr/6697R 4416
manner as ‘PrB P4 above except that the AGO feed was not

subjected to aromgti cs saturation prior tqg_steam cracking

Fol | owi ng hy B¥oMedghth £ (Iaght sIRrERS] (MRS 2 haRey hH§°Pﬁ§e and butane)
properties | antied3i.0 pakicent byl weighte oft ddquddahydrecaddion boiling bethfeen

presented in 0 TABLE 1
Properties o Z@ﬁ Q l: \f’gf)o %@d Hydr ot r eat ed ARO (Conmp. Ex.
1-A) and Distilled Sat KEhax acomagics|)saturation, the hydrocarbon product

Distigled yRsSHist8d1ea to remove the 1iqu1d hydf@@arbon%%ﬁ.ﬁﬂt $diling

Sat ur at ed «i

(1-A) PE}°"1) 185°C (365°Flog C Fo lowing Ssrggatics ggag,gration, the
85. 76 < distfilled saturated HP-HXGO had thk properties ishavh inh Table 4.
w. % 1.1 . - nil - mw_. N

P15  ppm o he 1€ PEN satprared Biomo yas (AR Basdeq) to she
0.8213 stea® 16fackiny zone whereul dtewad scontacted WitiSseteAsTHIt a
[errjg 20 ° 18%.

E06 b emﬂe%;aété:re of 745211-20 7é8°c, a Exégé.gﬁre of 1316:(% 8.5 psig, and
274 pygEteam to hygdrpcarbon weighty ratio of 0.3:134® 0.45:1. 2gfhe
261 re¥idence time in the3dfteam %raclé’aEQ was 0.4 to 2% Feconds. /dHe
ggg %%%%m cracked 3p2§odu§§ 4Was %%é)n ?Fé‘t to a fraéggonating z%g:épto
434 mntify total4h§drogen (H,) and c,-c‘ h?lde:usnaxmmksexi sAGam tiracked

di sthll ed hydr o, h

di st i h ed sa’?‘um A étégm c&cﬁ%ﬁpg Were et yzeﬁ %ﬁﬂcﬁeg@{n Eracked
order to det &3 r{esqIHe- The St%ﬂ#&?%ﬁ’é%“?yﬁ%@“bf—stﬂEehyﬁﬁéé"&FBéné-n Table 6
present . Themlrdes,ults are shown in Table 2 below. As can be seen

in Table 2 be] ow, rocess of the present invention (Exanple 1)
S effective-&Fuggl——lﬂlﬁgggygﬁ%~§ﬁé aromati c content of hydrocarbon feed
streans with The hydrotreated 100% Heavy Atmospheric Gas 0il (HT-~-
20 HAGO) feed of Example 2 above was treated in the same manner as
set forth in Example 2 above, except that the HT-HAGO was not
subjected to aromatics saturation. The steam cracking results
are presented in Table 6 below.
Comparative Example 2-B
25 An untreated 100% Heavy Atmospheric Gas 0il (HAGO)
feed was steam cracked using the procedure set forth in Example
2 above. The steam cracking results are presented in Table 6
below.
Comparative Example 2-C
30 The untreated 100% Heavy Atmospheric Gas 0il (HAGO)
feed of Comparative Example 2-B above was hydrotreated using two
hydrotreating catalysts in a stacked bed system as follows.
A commercial alumina supported nickel/molybdenun
catalyst, available under the name of KF-756 from 2kzo Chemicals

S
Has Been Replaced 2

e e

REPLACED




a concom t ant rise in t he quantity of bot h
paraffins/isoparaffins and napht henes.

25 WD 98/ 06794

PCT/ US97/ 14416 TABLE 2

Mol ecul arywgigsegisdr @l Types Qbserved in AGO Feed, PCT/USIHIANP | | ed
Hydrotreated AGO (Conmp. Ex. 1-A), and Distilled

g‘at;{rﬁt egne@,_(ﬁx.s.l&. , was used as the first hydrotreating catalyst
stille

still 5. . Rel ati ve ndance A
Hydr ot r eaf E3*@ gﬁ%ur gtqed while a ‘R?Mﬁfgb#bl e%ﬁ?laﬁée ni@p&é&ungsten
AGO catalygsb, availableTypnder\Vothe%name of 2-763 from Zeblist

(Ex. 1) rnternatiohahaf fﬁ%gﬁéaﬁarﬁ L’gﬂ 65%%0% h%%?ci%f%%'@fng catalyit 84

Napht henes
Arormat | cs{catalyst B). 33.73 25. 22 4.03

TABLE 3 cakalgistisor X ShAam B¥ acktdlyste! drefdr dpmantsa Prasugt s,

Di ot 1 ecatacket Bifie Unerein the JIAGO and hyfossp contacted catalyst
Hydr ot r cabefiirstSandr thetredfter cBiadysdn Bresdshothe volume ratio of the
AGO

(Bx, 1) CatalvBt® (y:B) being 1:1,  The §ACO wpe hydrotrested ag, Jghed
60 75 (675°F)ot SBSORFLS tyta) junill gpeesswre, an oyeragl LHSV of §555

SCN, ([ erpt* 2208 é@?&ﬁb@bﬁ) flow rate &% 35000 scF/BEY. 50 SCRO,
220-275[ err] C (430-525[ err] F

7.13 .22 20 CT. \
2751 err]C (526] or r] BReaiyaxsireated Brogyct vas ther stean crackny eing
100. 00 the prbddedite set forth in Example 2 above. The steam cracking

results are presented in Table 6 below.
L5 TARLE 4
Propertiea of HAGO Feed (Comp. Ex. 2-B), HT-HAGO {(Comp. Ex. 2=A)

Hydrotreated HRGO (Comp. Ex. 2-C) and Distilled Saturated
HT-HAGO (Ex. 2)

Distilled
HAGO Hydrotreated Saturated
Feed HT-HAGC BAGO HT-HAGO
{2~B) (2-3) {2-C) (Ex. 2)
wt. % H 12.76 13.31 13.47 14.15
0 Ppm wt. S 12,400 8 41 ~nil~
Ppm wt. N 4286 <1 1 ~nil~
Density, G/cm® 0.8773 0.8383 0.8242 0.8285
@ 15°cC
Simulated Distillation, D-2887 (ASTM), °C
5 IBP 99 41 37 162
5% 200 112 99 196
10% 238 146 124 208
30% 304 255 200 272
§0% 341 316 261 318
0 70% 374 374 337 3589
90% 421 463 aas 412
95% 443 489 413 434
FBP 4581 496 485 488

. HT-HAGO {(Comparative Example 2-3), HAGO feed

3 (Comparative Example 2-B), hydrbi:reated HAGO (Comparative
Example 2-C) and distilled saturated HT-HAGO (Example 2) were
analyzed by GC-MS in order to determine the structural types of

30 THIS SHEET HAS BEEH
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26 WD 98/ 06794
PCT/ US97/ 14416 TABLE 3 - Cont'd
Laboratory Steam Cracking Yields for Gaseous Products,
Naphtha, Gas G|, and Tar

Distilled WOBS®6TM4I ed Product Yield, wt. % PCT/USI7I14416
Hydr ot r eat ed Saturated 5 Based on Feedst ock
AGO theGaydrocarbons present. These results are shown in( Ifahle s
855(2 1) be1§ﬁ| echréd x@é?ﬁ% cf.’[é’ﬂ"ﬂr Sshow that K §Sbcess of thc?9 Bresent
10. 33 “EY?FAF\%‘”‘ (Example 2) is effective at reglucing the araomatic
10 Et hy¢éomtent of hydrocarbon feed streams1@9it¥d a concomdkafit rise in
Acet ylene . 1 ane
0 E9 5 th% tﬁantlty of bgpt):hl gagaffq.njs]lzsoparaffilgs 2nd naphthﬁég_g
15.12 Propadi ene & Met hyl acetyl eng,. 0. 25 0. 32
15 Butane & | sobut ane IRBLES ) 14 0.16
| sobut yl ene Molecular Structural T%¥péd Observed in BAGH HT-HAGO,
But ene- 1 Hydrotreated BAGO amd DRiptilled Saturatedy HT-HAGO
But adi ene-1, 3 4,22 5.02 Distilled
But ene%z (cis ;&;ﬁgm lt;tc:ﬂ;nce of 1.25 HT-HAGO Hyﬂr@agéo@&ed gat@tated

us ar -
acet yY®&nes Types, Vol. N, o 0.% 2y 0.02778 Q(Wt ed
1.20 mﬁgtaimdﬂeoxémasf:&mt rans) §7.69 ig.ig 0. YZB-ZO ég.g. 93
Cycl opent adi erfaPhthenes :3% . 1.3% 5 .
Met hyl cycl opedtSare 3?‘0. 6 27-84 iy gg . 3.67
Benzene 4.26 6. 17
As can be seen in Table 3 above, the yield of each of t he
particul arly val uabl e steam cracked nono- and diolefin products in
the Herr] and (Jerr]-Clerr] hydrocarbons fraction, i.e., 30 et hyl ene,
propyl ene, and butadiene, is increased by at | east about 8 percent;
the yield of each of the val uable steam cracked diolefin and

aromatic products in the steam cracked napht ha

31



fraction, i.e., isoprene, cis-pentadiene, trans-pentadiene,

cycl opent adi ene, nmet hyl cycl opent adi ene, and benzene, s 35 .
i ncreased by at | east about 25 percent; the yield of the | ow ‘val ue
steam cracked gas oil product is decreased by about 54 [ t and
t he yi el dw@j ostdseed ow val ue steam cracked tar product Pcwggﬁggﬁgased
by about 62 percent when the process of the present

27 i nvention conprising hydrotreating, aromatics
saturation and st eam cracking (EBABERI& 1) is utilized relative to

t he yields o] ' [ JFeJ - t{_}%ﬁ eating only

pri or to st e?nﬁaalgrgac | ng %ﬁ&%ﬁ&&pqg@ﬁ% kQa “‘H ust rative

Enbodi nent™ 2 EXanpl e Z and conpar aTl ve I:xan% ﬁo [ elllgV\f

were each progu AX? t ¢sing a hydyp s AterdS
(rﬁ.emm& j pgo

Qls %t ock hawng tles vvnlnaii o 4
bel ow, an les 2-B recrrle

100% Heavy ,%ttgps,phg,;d g_@as oi I (HAGD “eejjsto;gk-,glaw Ng s2.66 the pggpfgrt i es
shown in Taiyldeaé.g}mhew ‘“Exanple 2 illustrates . t he process of the

present i nvskal @ther€ofhoansk Gyeatexanpl|Sd.27 A 40.25 || | us%?e?&es HAGBB 84 ch

has been b Ch8ghe Y@aodpjdrotreating g4 22484N0 @ afisedle 25,18
hy.[botreatlmo cﬁ ySéc(43piidseRp aronAL8TS 5.80 saturaétosn, prior2ies

st eam cr ack8aTy. 275°CoNPE°F) | st ABswemp| 22298  12.12) | | ust3hi?8s unt r edt¥d
HAGD whi chpeeld@s been steam cracked. jo0.0 ©B01GY ati vejodsanpl e 2060

illustrates HAGO which has been subjected to hydrotreating

using a s{aek €8ouLbroada hydrotreati ng catal yst s with no

aromatics s steam cracking. nple 2

T foll ovm raqehpl e descri bes the pr@c s u9-8§ the gggc catal¥ t55
em des above to hydrogenate [$£ps] cgq; yst) a 3.g7 hydro eﬁt ed

100% Heavyntx&umpherl c Gas al fimedst 0cdo.0 16.54 21.25 A

com*rer ci al »eslyieme supported pl ati numOafél palq aél um 0.07cat al yst 9.16

labl e TEf®&Re the name of Zz-704§-7 Eal y%ggol yst ,9-82 Interggt Snal

w2l used a%:dﬁﬁexafreoaaﬁé msﬁyuaaél ongia (C&lx yst O o
The al readysdv%aot raabech: ( HT- HAG®).13and dﬂogen 0. 16Were pasgeli to
the aromati *a'lf}ﬁ“zftlon zone and cont dcf@d wi g cage; st C.
arpgmatics L;,Q_q zone was oper at ed §§;300[£ ﬁ] C 75[err] )35 600
psig (41 bB\It-)enet-Dt(aiia &iniranpy essur e, JansLHS\A 10f 13 hrerr] a0 a
hydr ogen f|@wasettiydenés 5, 000 SCF/ BBL (®-89 ni e¥0f/1). 0.01 0.03
Selected Liquid Product
Isoprene 0.8% 0.83 1.08 1.29
30 Pentadiene (cis & trans) 0.74 0.47 0.95 1.01
Cyclopentadiene 1.1% 1.40 1.48 2.14
Methylcyclopentadiene 0.81 0.74 1.06 1.20
Benzene 3.38% 4.23 3.88 6.14

As can be seen in Table 6 above, the yield of each of

35 the particularly wvaluable steam cracked mono~ and diolefin
products in the H, and C;~C, hydrocarbons fraction, i.e.,
ethylene, propylene, and butadiene, is increased by at least

about 18 percent, the yield of each of the valuable steam
cracked diolefin and aromatic products in the steam cracked

40 naphtha fraction, i.e., isoprexi’é, cis-pentadiene, trans-
pentadiene, cyclopentadiene, methylcyclopentadiene, and benzene,

is increased by at least about 6 percent, the yield of the low

value steam cracked gas oil product is decreased by about 55
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35 Aromatics saturation of the HT-HAGO feed consuned 520
SCF/BBL, (0.09 nferr]/l) hydrogen and resulted in the production of

28 : 1.4 percent by weight of |[|ight gases (nethane,
et hane, propane and butane) and 13.3 percent by wei gq;c.ﬂ’ 7}&&@ d
hydr ocar borwo 98/0679%0i | i ng between C[err] and 150[err] C ( 300[ef 1%9) .

After aromatics saturation, the hydrocarbon product 5 was distilled to
renove the pesrcietithydsaaar€ne yieldi of Dehéi N@w valuebestwan! of£ekdE tar

365[ e F Eql . aro ' furati t i.stilled
Catur ot et (RERARGY, 1R i s f gl 4ot peliant! Ufien the Brddess™Gr tne
The disti| | PHesent inventionicompadsimenhydrotienting, aromatdassatuaaitiion
zone where phanegtean! aateskihd h 5@;@{31@ 2) is ut?TRSEA Ur818EivAd é&a the

765[err]C, a,pressut f 13 to 2 Si 0. 88 bar to_ 1.7 bar),

a stéam to H}gﬁ&%’g@ ¢, fythen %%%et?% Lt subjegted; g" hydrotre g only
resi dence Lpgﬂoh:-ngldﬂestﬁml&ﬁaeﬁﬁg (\eémgarati?e4m. mple seaynds. The

st eam cracked product S sent to a_fract tipg_,zone

quantify total hydr og#mj(%ﬁ )Q%n‘aanéf%ﬁf‘?%[%?r#ggfe 6 ﬁ?&?’&da&'ﬁ&né’;{elﬂ
st eam cr ackof reggh haf (®E\)paxtiouiarivkselypable stean| crsCled memd- and

st eam crack i r acki _ r :
31 eam £ Acl@loh¥e P Giloault P oS! 6K5M o,oc, B§EuchAtiy" ERaRiAL)

e
hyd}®t r eat ed - 30U SERKALTR muARN 1 e ARy |butadfene, ispnpyepsed st least
Exanpl e 2 a@beat\ssp ithel 99 eIATOFTBABA' 08Sthe val@hble kkeat BXaBEKed

2 above, ex that th - HA was naqQt subjected to aronmgtics
saturati on. 8§%{]‘L”eaﬁ?§r MW&%SBFP ucts ip . the.stean ﬁ:FaIEb?‘g paphtha
bel ow. 25 fraotgiargt i \\de &xanmlsopréne, cis-pentadiere, untransegeh@@diene,

He At ' ' HA : ked ' t h
o ackdur o ot RoRaCadidde e ey Loye G5t B ShETT, AT, URERRS, T s

ar elPr esent dfcreapss &Y at legstowbayk 45 pepeeati vEhexMigld 0L the low
The untreat @d1U0%tERNHY chhtRkeRNYds &3 Productrdd decreabedd ¥ about 53

e pe SRR P Yl (/421555 5, SepmpatiRa car prosuct
A comerci ds delcwesazed Sy pdcutd 63npekelehtowhibfethe Bhocessabd yhe, present
available yadeheidlf cBaPEisthy ydR8trlilihe ¥ Fomatics" ¥htifllation ana
20 steam cracking (Example 2) is utilized relative to the yields
obtained when the feed is subjected to hydrotreating only prior

to steam cracking (Comparative Example 2-A).
It can also be seen in Table 6 above that the yield of
each of the particularly valuable steam cracked mono- and
25 diolefin products in the H, and C;~C, hydrocarbons fraction, i.e.,
ethylene, propylene, and butadiene, is increased by at least
about 26.0 percent, the yield of each of the valuable stean
cracked diolefin and aromatic products in the steam cracked
naphtha fraction, i.e., isoprene, cis-pentadiene, trans~-
30 pentadiene, cyclopentadiene, methylcyclopentadiene, and benzene,
is increased by at least about 36 percent, the yield of the low
value steam cracked gas oil produéi: is decreased by about 44

percent and the yield of the low value steam cracked tar product

is decreased by about 80 percent when the process of the present
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29 Inc., US A, was used as the first hydrotreating

catal yst (catal yst A) whi | e a conmmer ci al zeolite ni ckel / tungst en
catal yst, available wunder the nane of Z-763 from Zeol yst
International, was wused as the second hydrctreating catalyst

(cat al yst“a<98 106794 Catalysts A and B catalysts warpusomasmst ed
a tac cP bed" wherein the HAGD and hydr ogen cont acted catal yst A

f| rst and thereafter catal sI B qur oI umre ratko of the catalysts
(A B) bei mgtyention 2 Rygrs gat IpOPRrAFE epERE F;‘ amBs
psig (39. ﬁe&mrq:racnﬂ.alg (tExdmmtesx)lrés u&lilz.m atdlatiiy b6 &he yidiRid ]

and a hygj; £l uct erf ai-_ﬁe geed"" QQQ §CFgBE§ub%e?Fl ed to Eggm ﬁrﬁ%ﬁ‘}?

hydrotreate en steam crackeé € procedure se
in Exanpl @%‘&%ﬁi"eTﬁKchl ng results are presented in Table 6
belsow.  Illustrative Embodiment 3 TABLE 4 Properties of  HAGO

Feed (Conp. Ex. 2-B)__ HI- ( : gL 2" ' dr ot reat ed HA
(Conp. Ex. 2-O) and B‘E‘PPE?S.% Sa?(égﬁpg?éive 'A)\}xample 3'% and %tomparaca.ve
HT- HAGC (Bxamplé 3-A below were each carried out using a 100%
D|st|IIed te ur,at ed
O st t8]ytically Cracked MNaphtha (ccN) £&MagtbER! °% vﬁg e
(2-A prqgeq:xes showny i) TapleoFHbelow. Example 32 il@ustraj_:essr.he
13047 process &% t'?i&”ﬁ‘fes&ri 21nventmn.121c&hﬁﬁrat§ve Example i’il-h is

-nil- Pp
Density, gﬁﬁyﬁm"e 6’%7?%“‘“’6‘%?%38%‘”}- 0. %%%Earati"e oﬁamle@ 3-B
15[ err] C iHustratdsDCON hildiclohds A88eh (A ctédrtpChyhiBBtreating only

99 s s 162 200 112
99 Friqg to, ghedh cracking. 238 146 124

209 30% Example 3 304 255 200 272 50%
345 316 E4fhple 3 dedk¥ibes the process of the present

invention using a 100% Catalytically Cracked Naphtha (CCN) feed.
A commercial alumina supported nickel/molybdenunm
catalyst (1/20" trilobe), available under the name of C-411 from
Criterion Catalyst Company, was used as the first hydrotreating
20 catalyst (catalyst A) while a commercial prototype
hydroprocessing catalyst (1/8" cylinder), available under the
name of HC-10 from Linde AG was used as the second hydrotreating
catalyst (catalyst B).
The catalysts A and B were operated in the
25 hydrotreating zone as a "stacked bed" wherein the feedstock and
hydrogen were contacted with catalyst A first and thereafter
with catalyst B; the volume ratio of the catalysts (A:B) in the
hydrotreating zone was 2:1. The feed stock was hydrotreated at
370°C (700°F), 600 psig total unit pressure, an overall LHSV of
30 0.33 hr'! and a hydrogen flow rate of 2,900 SCF/BBL.
Hydrotreating of the CCN feed consumed 860 SCF/BBL of
hydrogen and resulted in the production of 0.9 percent by weight
of light gases (methane, ethane, propane and butane) and 2.5
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70% 374 374 337 359 90%

421 453 389 412 95% 443 489
413 : 434 FBP 491 496 485
488 HT- HAGO (Conparative Exanpl e 2-A), HAGO feed

(Conpar ati vewomsmém4  2-B), hydrotreated HAGD (Conpar at PGEUSRHMIG
2-C) and distilled saturated HI-HAGD (Exanple 2) were analyzed by GC M5

'38 order to dgkpeghie Ha)"%é%%ﬁ'@tHfahih&Rﬁs Nyarocarbon boiling between ¢, and

PCT/ US97/ 1441850°C (3°°t°l’f“é hydr ocar bons present. These results are shown in
Table 5 bel ow. Tihe Q@dﬁcﬂ:z.éz‘éai@éd )??h%é lﬁieﬁ ftﬁé&é&e&s ﬂiet&o?atj_cs
pr esent nveption effectiv cipg .the aromatic
cont ent of hyﬁ?g E’éﬁ’nf e%angt r‘g%ﬁﬁsgv\n’%h wa %or‘l’c%‘% %*éﬂ o°gen;and a
quanti®y of boommpuecikili Rediber shippostadd piaqﬁﬁnmeand palladium aromatics

TABLE 5 saturation catifi | (@ataly R@.ﬁb@&s hued -
HT- HAGO, rotreaté%qu&ﬁ % |IF§ aturate e of 2
HT- HAGO 704C from Zeolyst International. The aromatics saturation Zone

Distilled was oﬁwaaﬁad/eaﬂbmme(mmp), 60 sig totalHyiii®y r §§ure,
Saturated 10

HT- HAGO LHSVTgéa” ?‘L\J/g}rml e a hydrogen (le%j r?*ze A#;wg;o 000&5@

(Ex. B9 Par af f iasynagoiyss ashteratio? 7069 tis. Bgdrotreadedd) CCN feed
i?bg;t s coh2hbir19%0 $CF/BBL, ?ygzoge%e’ agé ségui:éed i éﬂe Production’of

1.9 percent by weight of light gases (methane, ethane, propane
and butane) and 5.4 percent by weight of ligquid hydrocarbon

boiling between C; and 150°C (300°F). Following aromatics
15 saturation, the saturated CCN had the properties shown in Table
7.

The saturated CCN was then passed to the stean
cracking zone where it was contacted with steam at a temperature
of 790 to 805°C, a pressure of between 18.0 to 20.5 psig, and a
20 steam to hydrocarbon weight ratio of 0.3:1 to 0.45:1. The
residence time in the steam cracker was 0.4 to 0.6 seconds. The
steam cracked product was then sent to a fractionating zone to
quantify total hydrogen (H,) and C, ~C,) hydrocarbons, steanm
cracked naphtha (SCN), steam cracked gas oil (SCGO), and steam
25 cracked tar (SCT). The steam cracking results are presented in
Table 9 below.
Comparative Example 3-2A
A 100% Catalytically Cracked Naphtha (CCN) feed was
treated in the same manner as set forth in Example 3 above,
30 except that it was not subjected to hydrotreating or to
aromatics saturation. The steam cracking results are presented
in Table 9 below. -
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31 WD 98/ 06794

PCT/ US97/ 14416 TABLE 6
Laboratory Steam Cracking Yields for Gaseous Products, .
Naphtha, Gas G|, and Tar HAGO
HT- HAGO %&%;at ed D| stilled Product Yield, we1/u$6714416

EZ Bg Saturated 5 Based on Feedst ock

2-C

(Ex. 2) Mmﬁe@ﬁ%@-%nd Clerr]-Clerr] 48.73 59.75 52. 66
glll Zg d’rOIanbOcatalytlcallyT(nﬁclﬁmelaphﬂ[mrr(]’.:cm)d f@ehi was

(430[ err f“%fﬁ”zs‘% & Fape mannd2 3 pet forn Y, BxEhbip P! EVS,

220- 275[ excpptu3hagysitervas) not 1 sghjectedggo aromagics saturatiomg The

S§T 275%%&%&:%@{;&54]&5@95 A&eaepraaeaeea iﬁ ﬁmﬁoo ’88%"78 100. 0
100.0 Selected Gaseous Profats 7 Hydr ogen '
0. 39 0.52 0. 46 0.55

Properties of CCN Feed (Comp. Ex. 3-A), Hydrotreated
CCN (Comp. Ex. 3~B) and Saturated CCN (Ex. 3)

CCN Hydrotreated Saturated

Feed CCN CCN
(3-A) (3-B) {Ex. 3)
wt. $ C 89.15 88.31 86.02
10 wt. ¥ H 10.31 11.78 13.94
ppm wt. S 4,130 2 ~nil-
ppm wt. N 217 <1 ~nil-
Density, g/cnmd 0.9071 0.8714 0.8208
e1secC
L5 Simulated Distillation, D~-2887 (ASTM), °C
IBP 189 75 72
5% 202 161 134
10% 205 183 158
30% 212 204 186
20 50% 221 212 198
70% 230 223 208
90% 236 235 226
95% 242 244 233
FBP 376 341 280
25 CCN Feed (Comparative Example 3-A), the hydrotreated

CCN (Comparative Example 3~B) and the saturated CCN (Example 3)
were analyzed by GC-MS in order to determine the structural
types of the hydrocarbons present. These results are shown in
Table 8 below. As can be seen in Table 8, the process of the

30 present invention (Example 3) is effective at reducing the
aromatic content of hydrocarbon feed streams with a concomitant
rise in the gquantity of both paraffins/isoparaffins and
naphthenes. -
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15 Met hane 7.64 9.80 8.02

10. 21 Et hane 4.03 4.24 3.91
4.44 . Et hyl ene 14.39  20.08 16. 54

21. 25 Acetyl ene 0. 06 0.15

0.16 WO 986Ipane 0.72  0.64 PCT’”%?’%%Z‘
0.66 20 Propyl ene 12. 06 14. 21 12. 80
15.19 Propadi ene & Met hyl acet yl 0.18 0.18 0.18

0. 30 But ane & | sobut ane LB 0.10 0.16

0. 16 | sobMbidailar Structural Types Obseﬁye%in cch. 84 (comp. Bx16

2. 35 ) Bufzhla- Hydrotreated CCN (Comp. Ex. 3-B) and Satuzxated CCN (Exz03)
2.73 25 RelBHi#¢IABURadnce of cen 3. 32 pyardereated s'it“ated
5.36 5 varRoten®lgcdlixs & trans) Feed 1. 25 Cell

1. 38 TYPRPPqul-a’pf\H enes {3-4) 0 0] {(3-BY dzhi 3)
0.03 Pnﬁﬁkﬁﬁﬂdoﬂ:&ﬂt&dn?r oducts  7.97 | sopoeoe 10.43

0. 89 0. 83 Naphthenes 08 1.29 30 5.19 Pentadbe®® (cis & tlsam;g
0.74 0. 47 Aromaticgy g5 1.01 86.83  (ycl off2nthdi ene

1.19 1.40 1.48 2.14 Met hyl cycl opent adi ene
0.8110 0.74 1.06 1.20 IABLE 9 Benzene

3.35 4.23 31§§ ( be seen
in Tabl e 6 above, the“yre %‘ﬂ é{ Gi,"éii‘j‘ &S‘T‘ﬁﬁ’r ?‘Su‘?%g’ngp val uabl e
st eam crackea rmnb- anU cu ol erin progucts T n The” rr]
Cerr]-Cd err] d:_f{act ion, i.e., ch et %"opﬁ’é’@&t“
and but adi ene |s | ncrease y at Ieast .asout 18(31@ cent, the. 3,
yi ehﬂ%of eac I 0 | n

proditts in tﬁ‘%t%,e gﬁ?’d{ :::f_"“ napht ha 7'2'T§f3act i on33 32 ce., 24 °5

i soprene, ci's-pen di effe” pent adi ene cycl opent agl ene,
met hyl cycl opeﬁ%dFeﬁéo"%lr(d:’Qéﬁ | 40i8%cr caseds at | ea§t‘*-96
about 6 per celffee ‘{ ef %gp E%%l oy Jyaue stedfnger acked ggds3dil
product is decréased §

32 20 Total \\D 98/ 06794 100.00 100.00 100.00
PCT/ US97/ 144 ected GasPOi€ ®baudid the yield of the | ow val ue steam
cracked tar " droge‘;i)r oduct is decreased by about gg perceng 4hen the

process of thghenane  Present invention conpri smng:,hydrotrge@y ng, arorﬁhcs
saturation ethaneand steam cracking (Exanple 2j.ss utilizederel ative3stwe

the &5 yi B4hgdendt ai ned when the feed is subj%@ged to hg'dirlot reati ﬁg gﬁgll y
prior to stea%ﬁ aﬁgﬁ ng (Conparative Exanple 2- @3y oo
Simlarly, asp seen in Table 6 above, the gheld 5.31 of eachoo%-;
t he gart | cul abPtopadiéns sl BeiyBanetylepked nono- ar®dos o8l ef in 0.21
prodéfts -in ‘H-'%“& (heeurRPeC] err]-lerr] hydrogafBons fr tJ2ons, 10 g'gg
i.e., ethylen Y%ne, "and butadiene, is ing'ggsed at e;;;st 1.02
about 5 percem“d&b@ew,gl d of each of the val uahl.esst eam ciazked 3.80
di ol ef I N andBetemenl | (xipr &ckmamsg) i n t he steam cr &Red napht@ne&-'i 1.17
35 c4acety1enes 0.00 0.03
lected YLi roduets
Isoprene 0.00 0.35 0.91
Pentadiene (cie & trans) 0.13 0.15 0.48
Cyclopentadiene 0.49 0.80 1.75
40 methyleyclopentadiene 0.10 0.00 a.76
Benzene 2.79 4.03 9.10

As can be seen in Table 8 above, the yield of -each of
the particularly valuable steanm ‘cracked mono- and diolefin
products in the H, and C,~C, hydrocarbons fraction, i.e.,

45 ethylene, propylene, and butadiene, is increased by at least
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fraction, i.e., isoprene, cis-pentadiene, trans-pentadiene,

cycl opent adi ene, nmet hyl cycl opent adi ene, and benzene, s 15

i ncreased by at |east about 45 percent, the yield of the | ow - val ue
steam cracked gas oil product is decreased by about 53 percent and
the yield 9$@@w40m1value steam cracked tar product pPCT/ussiramased
by about 63 percent when the process of the present I nvention

conprisin eatin sat.ur at i onad 2 racki ng
(Exanpl e %’p‘l}{g u%% ?z&?%%?rafrt vgéhf Jr%i%l d§‘m@l 54 6 a‘ﬁt]g"bar%\ﬁ nStRan
feed is sasked ddolefdim randi mramatioqrpoeducts int‘chet @treaor ackanked
(Corrparati tusUYl . t C §§,§§1in e 6
above that t ] el grgF&on, i } o%soﬁgeggrt | g}l ar val uabl & stlt%gﬁtb
cracked mﬁﬁi‘ Be, cyclopeptadiens, snkdnstcyclaoreny d igng,,@nd benzeéne,
C &rr] - dg lintirsaged tonat rkeistoabdute 118 percentst h:!iea 1a ofy theec lognd

of each o AT VEFERR" SRl ' 688" o1 proadiiis e %r%%a‘é?”m%ﬁfe“
product s ipencentiand)theyialld of the dashvaduef skemmocracked. tari pvpduct,
Ci s- pent adj LRfacrd 468 b %bout 2 P AL SRE wiftf thRe g;:zo@e"s%eo the present

nmet hyl cycl o enta di ene, cJI benzene, IS incr by at east about

36 per centinyention| gamprifing hydrotreating, s?‘é%‘ﬁi‘%%ﬁﬁ kéi’"i}%a qn and
paeduct i sstteati cepadkitigai®@danile 3) is fititérbdan@laitdve atsl thet Jﬁelmw

\\Ilﬁgﬁet ﬁ;eg? crack ]9 l%x%zé gpgdgﬁ?d is subjectegC{:gaﬁfi‘groxrgggﬁxgiggnggr %% or3
of the m@m-mu ovacking ¢Coppasatd vehEampleai-R),. aronmatics
saturation and Stea”’s%i‘i&kﬂg &%X%(?}l BTQ)seéﬁ %' &‘aﬁ% 'é‘%&)‘é that the

the yields , obtai ned one IS iect e st eam

cracki ng Yi®HHaPE| ?écExaﬁplt@eZ%rtlculaﬁtX IYEJE‘F%H %esEﬁ%dFﬁEﬁt‘eQ mono-
Examl e 3ak@n@iodefin proanbes In3 thand, -3, | Mfdrocarbbiangractiof,

bel ow werg each cgrried out. usin Cat,al ytically
Cracked Naphtha® eﬂeeﬂ%‘?%k‘*"ﬁav%ﬁ‘& l?"#é‘ iﬁ%er??e& 41 Fepet 7
bel ow. Exabeast3abbhtisgdapescehe, the yjeddesf ehchhefptheewhluabde! steam
Conpar at i vg. %Q@I 1, #z | t t edtN
Conparative Bib % and ﬁ#éﬁ&t?%% Ekéghcv\k hgga géell-h subjcggtce
hydrotreat’F‘?@h‘éth frac*-l}ﬂq:or i 0@ st eakSOPXERieng. ClS‘PeE%EH#EeB 1§rans—
Bgopl e 3 paresaiens, éf@lo%éﬂﬁ&éienéf, hd¥h mﬁmﬁentadleneyqnd penzeéne)d

% l | |
2" 100% Gualycallly S ef%as“@ﬁ%wé%@om '§%'yie1a of the 1ov

value steam cracked gas oil product is decreased by about 56
percent and the yield of the low value steam cracked tar product
is decreased by about 67 percent when the process of the present

25 invention comprising hydrotreating, aromatics saturation and
steam cracking (Example 3) is utilized relative to the yields
obtained when the feed alone is subjected to steam cracking
(Comparative Example 3-3).
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catalyst 1/20" trilobe), available wunder the nanme of GCA411 from
Criterion Catalyst Conpany, used as the first hydrotreating

was

catalyst. (catalys A) whil e8l m i pr ot ot ype

hydr opr ocessi ng catal yst (1/ I! "Iﬂ:“ﬂﬁml lﬁm/ai | abl e under the nane
of HC-10 fromwopsiesseAG was used as the &ecdnd hydr ot r eat i RETOHOHA4AI6
(catalyst B). The catalysts A and B were operated

in the WRRY' Qls’ ealaTMEY Of: as a "stacked bed" wherein the feedstock
and hydr ogen were contacted h catalyst. A first End t hereafter

it
with catalyst B; the volune rA&Iiovxlth‘E'ﬁé‘ al \R¥QCRSE R) Q¥ heCONVerting a
hydr ot r eat i nghgdrecaxboh 1feedbtobkechaving \esmpynents el g 38bove about

370[err]C (70 b & i ' r rall,
Py of C 3308 o Wedit dhdcked Yloalies Phich! B3345Es ARnRETERS!
(0.52 ®{err]/1). @) ° passing saidihydvogarkonifeedstorks indthe presengeoof
SfCF/ BBL (0.15 g[erar]h{hro?ﬁalnh)’ﬂbﬁﬁéé mrwhl txéasitnhohae M&Eﬁ‘@féﬂﬁ%ng
oy “ona 250 Y Gy a3 Ry ab bR dEHE ot S e vatea
percent by wei gh of |i qétienperitanss bandoigressinee Wweam (@£fedt ansubstantially

150[err] C (300[err]F). ot [ gat S pass
to the aromatics & ﬁmLPrla%fT%n dez%%%ggg%?%g#t ) %/gs %%ﬁ%aq(;%\g ﬁ@r an&? or
hydro4en and a 5 comidinggan compounds ppertaingdatheyednnd pal | adi um
aromatics sayr at ik loh predivdlty tronChaidvAvhebtecntivy kBRe"8BBan

i
of Z-704C from Zeolyst Inter-natignal. The aromatics saturation
zone was operated at 31@[‘#‘??%?%0%"!’]3%;}:"“506"?}5 cm%ﬁ’ieiﬁr Bals aPreAuct is
pr e}ssur e,( LHSV n{)f 1j?| ?rdcﬁ'rtdcﬁdi athgdeogted Ipres=atre OénE,QOQ:eth:erature in
SCF/BBL (0.89 nferr : . JAranmat.i C uration ,of _ t
hydroctreated CCN fee(fhe ran%%ngﬁngaoﬁ?%%%:/%ﬁ?{%.o£§3a%f&tr]3/7I%Jée with a
hydr o48n and resul ted i hydrogen sopreeuandonn eromayigs Eatuigtien ghatalyst

light gases (nethane, comprféfﬁ%e’oﬂéopafe #Bgebu AR 4 BLE N metal
by weight of liquid dhxyrocar on boili ngpbet ween err] and 150[err]|C

(300[err]F). Followi ng bydrodgnaklon sCORPORENLS, on (3 cSUPRPYLaS&leqkgd from
had the properties the slypwup Nncbaisting of an amorphdle sSappobeted a

contacted with "ofcam ot ShSPRe. aparhistubds tR8estic i "
press@Pe of betweew)l3. passiagy Sthe produsly fromsaid aromatdcsarsatumation
steam to hydrocarbon vweifdffe to a steam cracking zone wherein said product is
contacted with steam at temperatures greater than
about 700°C, and
4a) recovering hydrogen and C,-C, hydrocarbons, steam
25 cracked naphtha, steam cracked gas o0il and steam
cracked tar therefrom, wherein the amount of steam
cracked tar produced is reduced by at least about 40
percent, basis the starting hydrocarbon feedstock
which has not been subjected to hydrotreating and
30 aromatics saturation.
2. The process of claim 1 wherein said hydrocarbon
feedstock has components boiling in the range of from about
150°C to about 650°C.
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ratio of 0.3:1 to 0.45:1, The residence tinme in the steam cracker
was 0.4 to 0.6 seconds. The steam cracked product was t hen sent to a
fractionating zone to quantify total hydrogen 25 (Herr]) and
Clerr]-Cferr]) hydrocarbons, steam cracked naphtha (SCN), st eam
cracked 9@ lide7dsSC) . and steam cracked tar (SCT). The perus®hiaae
cracking results are presented in Table 9 bel ow. Conpar ati ve Exanpl e

3-A 100%. Cat al tlcal Crac hth eed was 30
treated in the same @hnneﬁ‘ﬁs §8 e‘?ﬁr? ]rFJé‘}(grrﬂpg 59&8%‘1’:“%'?6‘5399’
that it Sakalyst isubseepcd) t@mpuy:tbeﬁraathqpomntteelectedarﬁrmi | €he
sat ur at i Ogroupec8h83BtS ngC U BESTY! ﬁa%@tﬂi@se%ﬁﬁes, suif‘i&?@ l eﬁ%oup

bel ow.
08/ 06794 VIII metals, oxides, sulfides and mixpturessthereof; supported on

CoSpar at i \am EmmbmoﬂsBcarrler. A 100% Catal ytically Cr acked
Napht ha (CCN) feed S reat ed | t .. Sa S
Exanpl e 3 above, kE rr gegf{a 3& 3‘5‘ is the

sat ur at i orfukifRr slevel gfeemze; rlazckmgarleenl fsedstopkesmtmﬂuaedrabb ebélow
bel ow. about 100 parts million

Propertieg 0 CCN Feed (CO P i)o grotreat egrogen level of the
(Conp. Ex. céiCN-ﬁ E;gedg; to below about 15 parts per

CG:N Hyd:rﬂ:[ﬂ&ﬁed Satur at ed Feed
(Ex. 3) COV\IW 5@ The process of cla1§94 1gherein8§.n$1st:ep a), 852’82
10 wisulfur level of the hydrocdfbéi feedstdekS is reduceB.€©d below

ppm W. Sabout 50 par%:s pef" jlg‘Pl]iion ard the -niti9§gﬁ I3éeve]t JPMHE
g/ cnf er r] Bydrocarbgngfeedstogk g¥s, reduced otezbslow aboutg) §] enarqts Lper

Siusul at ed WA Btidhati on, D-2887 (ASTM,[err]C | BP

1 7 72 9 . . 202

122 12 4 6. 'I‘ESO/(process oSfA) claim 5 whereigog.n step a)_OL83the
158 sulfB@er level of the hydrocarbon?f@edstock i4educed tolBela®
50%

about 25 parts perzzﬂillion arfd-the nitro&gg level of the
hydrocarbon feedstock is reduced to below about 23 parts per
20 million.
7. The process of claim 1 wherein said hydrotreating
zone in step a) contains two hydrotreating catalysts.
8. The process of claim 7 wherein said hydrotreating
zone in step a) contains a first hydrotreating catalyst
25 comprising a component selected from the group consisting of
Group VIB metals, oxides, sulfides, Group VIII metals, oxides,
sulfides and mixtures thereof, supported on an amorphous
carrier, and a second hydrotreating catalyst comprising a Group
VIB component selected from the group consisting of tungsten,
30 molybdenum and mixtures thereof, a Group VIII component selected
from the group consisting of nickel, cobalt and mixtures
thereof, and a carrier selected from the group consisting of
amorphous silica~alumina and molecular sieves having a pore
diameter greater than about six angstroms admixed with an

RN 0 O 40
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70% 230 223 208 90%

236 235 226 95% 242

244 : 233 FBP 376 341

280 25 CCN Feed (Conparative Exanple 3-A), the hydrotreated
CCN ( Conpar 3¥@ 98062 npl e 3-B) and the saturated CON (Exanpl e FFTUSIV14416
were analyzed by GC-MS in order to determ ne the structural types

of the hydr ogadiepmi caglle glg-ﬁfetzf]gééiéété‘ée 1?1%)%% grouppr%glg%’%gtgng of

bel ow. As can _be seen in Ta ] rogcess or. th
invention (BIMR.3)Eiicay wiiigazaliming, apd; pdxtures thergeg, c
content of hydrocarbon geed Fhe eqpEovéss aofonebaihang wherein’i gaiia ifiest

ggant ity of B%o@%@; JBE%%&QU aka Aia seconanesating catalyst

PCT/ U897/ 14488e arranged 3in saild hydrotreating zone in p\Bistatked bed
Mol ecul ar St igérifdicRirabdss, Goserved in CCN Feed (Conp. EX.

3-A), Hydrotreated CCN (Co Ex. 3-B) an at,urated CCN (Ex. .3

Rel ative Abundance of 10 "tne Br & °fd clagmt ¥hexedn saidSAYGFSFE'&aSin’J
Various Ml et in step a) is opdmstted at a tempéPhture ranging €6bm about

fypes. VO %0gec to about 550°C dnf/d pressure ifing from abbt, 48b psig

Par af fi ns/ | sopar af f1 ns

Naphifienes to about 3,000 psig. 5. 19 26.79 88. 39
Aromat i cs 11. The pPécéss of claim®d %herei d cdtd 0
TABLE 9 Leab%r tory Steam Cracki ngerﬁ erfdssa%orcéasggﬁg in

Pr oduct s the aromatics saturation zone iNaﬁﬁﬁPaP)Gé‘é’@#’.;s%me&r or more
Er odgct Yi:el gsz\dupk%IIII noble metal(s) I(:‘s’i:"%portﬂdir @gcﬁl&t edeol i akaGfport
ased on Feedsto eed .. . .
(3-A) (Fepptising a podifipd Y tYPECEPPLikRg RV - &y BRIE el size
Hydr 8Bar bons betwe®n 674.18 ar@i.34.354 ands4 065i0,/A1,0, nolatr Calwcs of at
Clerr] and Giqaled! 25 72.33 66. 68 45.95 SCN,

Cerr]-220[err]C (430'F) 40. 85 35.79 34. 96
SCGO,  220- 275[ er r] C( 430+325[ B¢ |gyyocess of; caaim 11 whergdn said catalyst is

supported on a zeolitic support comprising a modified Y-type
zeolite having a unit cell size between 24.18 and 24.353 and a

20 §8i0,/Al,0, molar ratio in the range of from about 35:1 to about
50:1.

13. The process of claim 11 wherein said Group VIII
noble metal is selected from the group consisting of palladium
and mixtures of platinum and palladiunm.

25 14. The process of claim 1 wherein said aromatics
saturation zone in step b) is operated at a temperature ranging
from about 250°C to about 350°C and a pressure rangihg from
about 400 psig to about 3,000 psig.

15. The process of claim 1 wherein said aromatics

30 saturation zone in step b) is operated at a temperature ranging
from about 275°C to about 350°C and a pressure ranging from
about 400 psig to about 1,500 psig.-

16. The process of claim 1 wherein said steam
cracking zone in step c) is operated at a temperature greater

R U R "
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SCT, 275[err]C (526[err]F) and Above 23.73 18. 89 7.61 20

Tot al 100. 00 100. 00 100. 00
Sel ect ed Gaseous Products Hydr ogen ‘ )
0. 65 0.74 0.79 Met hane

8.03 12.9 Et hane PCT/US97/14416

1.91 o ghiogod 3.76 25 Et hyl ene |
9.09 : .16

0 08 thég gi:out 700“118 a coil ouﬁfl&%.gﬁé-essure ranging from about
0. 07 0 psdg to aboutn 7% psig- Propyl ene

4.79 5. 81 17. 11@1&177 roces &1 & il ce ne

0. 08 0.  Process  off WRHEMY © MLHIAC G s tean
0.03 cragkegg zZone i@ ggep c) is opg%ggm gkeca temperature ranging
8. gg frofi. @bout 700°¢ O00to about 9@6@3&:1& coil outlet pressure
1: 28 ra%g@%g from a‘f:p]igbzo psig to %ﬁ ﬁ gé %g & trans)

0. 32 0.43 18. The 7pgbcess of C¢1acmty.lewhere1n the yields of
0.

00 etflyl8ne and prdb¥lene and %?Jt"a‘&i%é—' d gﬁfeOdlllﬁt Saﬁd C;~C,

| soprene
Pent adi eneh(érgcm%)fraction are eachoiggreased b(y at least abmmgz.s

COyzbopent agegeent, and the yields of 1 ene, clg—ﬁgntada.ene, ]tF%hé-Q
met hyl cycl ngrp:t d| ene
Benzene iene, cyclopentadiene, chyclopeqtm ene andgbgpzene

As can be iBetthen stezme cxradioed, naphtlyaefﬁactieachr@f each incrdd¥ed by at
roducts | herRE pHRHC1aPhERRkAE] "Bl £RE Rtaing Hftiobiinon regustock
et hyl ene, Whighy hag, n%@%@aWCtQQ tncrlummgataxnm endt aromatics

3715 saturatldﬂ? 98/ 06794
PCT/ US97/ 14416 abqut 55. O%wnt i eld of each of the
val uabl e steam 19 ad¥bd dirHieETaLSMhd aﬁlﬁﬁé‘?-’r% priRRict CoRVeRkingcam

cracked hydrocapitidra féedstioek having conpumsets God-ldanri adbeve, about

trans- 5100 B LAl Shenf YL ABEO S5 SRGeLDn by} N ChPBERERTLERRE 20

benzene, 5 'S I ncrease y, at rcen
the | ow #dl ue PASSHHAT r%&lédng%rs%ﬁxrbw cfeﬁ%ﬂst@,c}@le?elﬂ e'@ts@opmsammm

pegoent and the yiel & afyd éx@%dﬁf&é &hQagy Q&%@% otﬁ:‘é%ﬁﬂ!ﬁg catalyét

decreased by about 5 r n t he. proc t rese
i nvention conpri sing WY et i ﬁ’g“' %?&%t? Reartf 187 elewateqd,
cracki ng (Exanpl e 3) tiempsgratunes raeimt pressuréhetcyl ajatiuice the Ddétallgedof

when the feed is sudeP%(aeﬂiu% §)1%|;ﬂ_t r%},&g 91'1'9‘:0%' Orgolr?PPunFs c%];‘@glrgi

cracki ng (Conparative can
seen in Table 9 abové’—h%ll!he yi el d of each of the partlcul arly

vappabl e steam gyackgshd®fify the product from said first hydrotreating zone
to a second hydrotreating zone wherein said product is

contacted at elevated pressure and a temperature in

the range of from about 200°C to about 5$50°C with a

hydrogen source and a second hydrotreating catalyst

30 comprising one or more hydrogenating components
selected from the group consisting of Group VIB

metals, oxides, sulfides, . Group VIII metals, oxides,

sulfides and mixtures thereof supported on an acidic

carrier, to effect substantially complete
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15 and diolefin products in the Herr] and (Jerr]-C err] hydrocarbons
fraction, I .e., ethylene, propylene, and butadiene, is increased by
at - - |least about 84 percent, the yield of each of the val uable steam
cracked diolefin and aromatic products in the steam cracked t ha
fraction, w9863 rene, cis-pentadiene, trans- 20 pentgﬁFgﬁ%?naBp

cycl opent adi ene, net hyl cycl opent adi ene, and benzene, IS increased

by at | east about 226 pdecempostitdon elaf ofordeniow sulfur wnNd/erst aeitrogen
cracked gas of | product chhp@sa Sednbi1ARA" d'LﬁSGthe prodR€t C¥HomN ‘ég&heﬁmt
yield of the |ow val ue st n1cracke tar I S decrease

about 67 percent when tR¥dgptreating zqn resent 25 i nvention

conpri sing hydrot rept i npassingetthe prioduit ofromd said secﬁhdamyaﬁﬁﬂ&éﬁting
(Exa e 3) is utilized {:aﬁl at&gea%o é.g&nx{:ﬂ:gs sat &pt %'o%%dé?gﬁgp n° said

feed alone is subjected 0 st eam cr arat Ve

3-A). _ product is contacted at elevaggd pressure and a
WHAT 1S CLAIMED | S: te.i’n era‘@%ﬁéﬁ?ﬂﬁﬂéhﬁ‘{#& Cdi:{)li(ﬁ! ({}ﬂ'é"t

hydr ocar bon feedstock having conponerits boiling above a © about

100[err]C into steam cr3¢REEF pMaddct & QﬁP?ﬁBce§QurSe and . &Ryr jaxopmatics
a) hydrotreating sai gausttatdandeatalaadtsicetiprising one or moretdﬁbup VIII

presenee of a hydrogen ESBgfée ﬁggai‘ fﬂf&ogerha%}%r[x r 8 é:{mpcg'yeq{ A e 'S{l]g sypport

cat alyst and a Cat

an elevated 10 selecgederfxom ethe amd:up pepsistang aof an ghiaxphous
substantially Conp|etﬁupp@%%@”ﬁp%édritic(Hupport and m1x€ﬁ9é§'€he§55§“r
and/or nitrogen conmpounds contai ne sal d , hydrocarbo

feedstock to d) = passipg,fthe &rﬁﬂﬁﬁinfr°ﬂ5531d ¥5°maF%€§tﬁﬂ$§%ﬂ¥F°n
product at an el evated pbaestbea steam cracking zone wherein said product is

15 contacted with steam at temperatures greater than
about 700°C, and

e) recovering hydrogen and C,~C; hydrocarbons, steam

cracked naphtha, steam cracked gas oils and stean

cracked tar therefrom, wherein the amount of steam

20 cracked gas 0il produced is reduced by at least about

30 percent and the amount of steam cracked tar

produced is reduced by at least about 40 percent,

basis the starting hydrocarbon feedstock which has not
been subjected to hydrotreating and aromatics
25 saturation.

20. The process of claim 19 wherein said hydrocarbon
feedstock has components boiling in the range of from about
150°C to about 6€50°C.

21. The process of claim 19 wherein said first

30 hydrotreating catalyst in step a) comprises a component selected
from the group consisting of Group ViB metals, oxides, sulfides,
Group VIII metals, oxides, sulfides and mixtures thereof,

T I
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and a tenperature in the range of from about 200[err]C to

Sacuration catalyst o SHNMERBIILIN one o “vore &oup™W 1T nobi e
on

metal 20 hydr ogenati*on® tonborfent’s a  support

sel ect ed \{5QBlbfg 9roup consisting of an anoPEABIRSTMbort , a
zeolitic support, and m xtures thereof, to provide an at

| east 80% 22. @ qgeomdssl Of oslgin 185whereinClin sHeRAMA Y, Ak NY

3 ?Lgt Qﬁ’dr?ﬁgﬁﬁggg&?&du& %&hhydrofaﬁﬂogpr ]feeségﬁtzo@k s }:Sgggra?t ‘Yo" below
recover i ngpongdrat@en paarhs PRYr million] aﬂwatbeanﬁdnsqgen level of theam
cracked W%Béarﬁb?ﬁ?éé@% 088 Ydaudda to below HBbutl €88 Padtit phdAr

therefrom’, rein anount of steam cracked tar produced
i S million. reduced by at |east about 40 percent, basis
the starting hydrocashon Theegatamdsshof hchawdm 22 wherein inneaterbed)), the

subj ect ed h tof €4t i L C aty
2. The p’rs%%g‘slg 0 clai%fleﬂmﬁegglgﬁogaﬁr Hy refcdasr on & §eﬁﬁ&§ Fé.lehését) (r}éilﬁgs
conponent abput| | 200 paxks r BeYe million and fthe fpidurogen| develd t 9fathe

650[ err] Chydroca®bon! eddPESSR & FiuBeld Ofo ChalBw? a¥itei SisSpadts per
first hydrotreating catal yst and/or said second 10 hydr ot r eati ng

ctfal yst BiigdP8des a  conponent sel ected fromthe group
consisting of Goup2vl.B The prodessll f clalifles19 whefeiles, saidy offrst

VIIT et . oxl.des,: sulLfi des_and_m hereof , n
an anorphggérggf'ﬁaé:rl.ng 1?’;{%. itﬁ'hgtba o sqgf %&P%%]éi&o(rzatgléi rﬁ%ér%?ﬂg
sai d rangfiings f riomirahoutit 299° € atal abeutns5A8€s andc npyeaRure ranging

sel ected FroR bRl AHd G SEé Eboht G So60 Pdig. met al s, oxi des,
VI |

sul fides, G oup netal s, ox] des, "_sul fjdes, and rri tures
thereof , supported @&?+0 The PXecess pRfuciaini &° wWhgreiny salgn second
hydr ot r eahyAgrotreating atcdtslystclirlestters @)p ddhpmoigeserd Eirowp edVIB

fromthe QLgiRedle’ Shieda | YLS! e ™L RIS Whne1sting be Bihdkédn,

molybdenum and mixtures thereof, a Group VIII component selected

from the group consisting of nickel, cobalt and mixtures

20 thereof, and a carrier selected from molecular sieves having a

pore diameter greater than about six angstroms admixed with an

inorganic oxide binder selected from the group consisting of

alumina, silica, silica-alumina and mixtures thereof.

26. The process of claim 25 wherein the Group VIII

25 component is nickel, the Group VIB component is selected from

the group consisting of molybdenum, tungsten and mixtures

thereof, the molecular sieve is zeolite Y and the binder is
alumina.

27. The process of claim 19 wherein in step b}, the

30 sulfur level of the hydrocarbon feedstock is reduced to below

about 100 parts per million and the nitrogen level of the

hydrocarbon feedstock is reduced to below about 15 parts per
million.

28. The process of claim 27 wherein in step b), the

35 sulfur level of the hydrocarbon feedstock is reduced to below
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sel ected fromthe group consisting of nickel, cobalt and m xtures

e I

di anet er greater than about six angstrbms™adii xed with %l’.}ms 7114416
i norgani c oxMWe98N6er sel ected fromthe group 30 consi Stl 19
alumna, silica,, silica-alum na and m xt ures .thereof.

5.  The procRRubf 88y RATESf PERe Bidldgnn@Rfathe nitrogendeyel saifd the
first hydrot repdrogarbbal \fdedsttbclai ds reducedseoorlseywr abott i Hgparts per
cat al yst are@{ MgRd in a stacked bed conflguratlon . 5 6.

0

The process any one of the preceding clains wherein said
hydrotreating occurs at 28t efper Prgaess of clajaa@? n¥herginadouEteay k) + | the

to abait 550[si1fdralédvel of the hpieseEHrBohd FTHaaEtdEN f@oﬁbdﬁﬁgdpiﬁd] xséiow

lo)ﬁtra) En? t he pﬁl%%‘égb%g ?li’ér%bspsgg( Ofﬁgg‘élﬁém@%rﬂéfr 5’&?&9‘1 Vne

cat al yst inclhyidsocarbon femistwckvie Gredyced | tondkdIoweabbt) $up|amﬁsecber
on ffﬂ,ﬁl c support conprising a nodified Y-type

zeol ite havi ng aunift cell size between 24.18 and 15 24. 35A and a
Sigerr]/A[err]Jerr] #Bkar Thetiprotess |efsiclzan 19 WBerelmhesa:pﬁomnd

of gag@im 7 h#@ﬁéﬁtéatiﬁbd zéhe Mg C§tep b) isSaipErdted akatal )!:%tm drature
supported on rising a_nodified Y

oL 0
sebl i te havi FEARGLRG EXon ghomt: 4504 b RqRERS 98- Gaate, Prassurs) Enging
Sigerr]/A [efrq:ﬂaboi;trmberpsagl o addut 3o gsig.om about 35:1

to about 50: 1. ;he B sggc%f Ll o SI %_mv\/liegr S resd %é%g%%%t in

noble nmetal is sel ect ed romthe®group %6
and m xt ur esthe parompticsngaturatia® zone upa$temg)n comprises one or more

15 Group VIII noble metal(s) supported on a zeolitic support
comprising a modified Y-type 2zeolite having a unit cell size
between 24.18 and 24.354 and a Si0,/Al,0, molar ratio of at
least 25.

32. The process of claim 31 wherein said catalyst is

20 supported on a zeolitic support comprising a modified Y-type
zeolite having a unit cell size between 24.18 and 24.354 and a
$i0, /Al,0, molar ratio in the range of from about 35:1 to about
50:1.

33. The process of claim 31 wherein said Group VIII

25 noble metal is selected from the group consisting of palladium
and mixtures of platinum and palladium.

34. The process of claim 19 wherein said aromatics
saturation zone in step c) is operated at a temperature ranging
from about 250°C to about 350°C and a pressure ranging from

30 about 400 psig to about 3,000 psig.

35. The process of claim 19 wherein said aromatics
saturation zone in step b) is operated at a temperature ranging
from about 275°C to about 350°C and a pressure ranging from
about 400 psig to about 1,500 psig.
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10. The process of claim1 wherein said aromatics saturation

t t t f t 250[err] C to about
gééﬁgf;?&%ng:ggégsg{fer?ggrjlgggg”“ﬂl“"l""l” mm'mﬁgut 400 psig (27 bar)4’;o

11. The § of any one of the preced| ng clains PCT/USYAMBEI N
sai d hyd\y treatlng occurs in a first hydrotreating zone

which contains gg.d tlfﬂé’ Stprocess d¥/dedligat i h.§9 whéPE2hYStaid B€eam

ot t one ontain al d second
Ihydr ot reaf'? ﬁ&&?alzﬁﬂe in s{:epr %? ! nsg ogerateg\h ag (i:empelrasturse Igreater

than about 700°C and a coil outlet pressure ranging from about
0 psig to about 75 psig.
5 37. The process of claim 19 wherein said steam
cracking zone in step d) is operated at a temperature ranging
: ,,;'.4_ :;;from .about 700°C to about 925°C and a coil outlet pressure
: rangihg"’ from about 0 psig to about 50 psig.
38. The process of claim 19 wherein the yields of
10 ethylene and propylene and butadiene in the H, and C;-C,
hydrocarbons fraction are each increased by at least about 2.5
percent, and the yields of isoprene, cis-pentadiene, trans-
pentadiene, cyclopentadiene, methylcyclopentadiene and benzene
in the steam cracked naphtha fraction are each increased by at
15 least about 15 percent, basis the starting hydrocarbon feedstock
which has not been subjected to hydrotreating and aromatics
saturation.

39. A reaction product of a process in which a
hydrocarbon feedstock having components boiling above about 100

20 °C is subjected to hydrotreating, aromatics saturation, and
steam cracking, which product comprises hydrogen and ¢C; -C,
hydrocarbons, steam cracked naphtha, steam cracked gas oils and
steam cracked tar, wherein the amount of steam cracked gas oil
produced is reduced by at least 30 percent, and the amount of

25 steam cracked tar produced is reduced by at least about 40
percent, basis the starting hydrocarbon feedstock which has not
been subjected to hydrotreating and aromatics saturation.

.40. The reaction product of claim 39 wherein the
hydrocarbon feedstock has components boiling in the range of

30 from about 150°C to about 650°C.

41. The reaction product of claim 39 wherein the
yields of ethylene and propylene and butadiene in the H, and C,~C,
hydrocarbons fraction are each increased by at least about 2.5
percent, and the yields of isoprene, cis-pentadiene, trans-
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pentadiene, cyclopentadiene, methylcyclopentadiene and benzene
in the steam cracked naphtha fraction are each increased by at
least about 15 percent, basis the starting hydrocarbon feedstock
which has not been subjected to hydrotreating and aromatics
saturation.
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